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The  United  States  and  Japanese  counterpart  panels  on  toxic  micro- 
organisms were  formed  late  in  1964  under  the  United  States-Japan 
Cooperative  Program  in  Natural  Resources  (UJNR).  The  panels  each 
currently  include  eight  subject  specialists  drawn  from  the  four  U.S.  De- 
partments and  two  Japanese  Ministries  most  concerned  with  toxic  micro- 
organisms. Charged  with  exploring  and  developing  bilateral  cooperation 
of  benefit  to  both  countries,  the  panels  have  focused  their  efforts  on  botu- 
lism and  mycotoxins,  subjects  of  much  mutual  concern  and  active  research. 

The  UJNR  was  started  by  a  proposal  made  during  the  Third  Cabinet- 
Level  Meeting  of  the  Joint  United  States- Japan  Committee  on  Trade  and 
Economic  Affairs  in  January  1964.  In  addition  to  toxic  micro-organisms, 
current  subjects  included  in  the  program  are  desalination  of  sea  water, 
air  pollution,  water  pollution,  energy,  forage  crops,  national  park  man- 
agement, mycoplasmosis,  wind  and  seismic  effects,  protein  resources,  for- 
estry, and  several  joint  panels  and  committees  in  marine  resources  research, 
development,  and  utilization. 

Accomplishments  include:  Increased  communications  and  cooperation 
among  technical  specialists;  exchanges  of  information,  data,  and  research 
findings;  some  30  study  missions  involving  over  300  scientists  and  engineers; 
four  meetings  of  the  Conference,  a  policy  coord inative  body;  two  adminis- 
trative staff  meetings;  exchanges  of  equipment,  materials,  and  samples; 
several  major  technical  conferences;  and  beneficial  effects  on  international 
relations.  Because  of  the  importance  of  natural  resources  in  this  coopera- 
tion, the  Secretary  of  State  asked  the  Secretary  of  the  Interior  to  serve  as 
U.  S.  Coordinator  of  the  UJNR. 


As  the  Nation's  principal  conservation  agency,  the  Department  of  the 
Interior  has  basic  responsibilities  for  water,  fish,  wildlife,  mineral,  land, 
park,  and  recreational  resources.  Indian  and  territorial  affairs  are  other 
major  concerns  of  America's  "Department  of  Natural  Resources." 

The  Department  works  to  assure  the  wisest  choice  in  managing  all  our 
resources  so  each  will  make  its  full  contribution  to  a  better  United  States— 
now  and  in  the  future. 
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Honorable  Akira  Yoshioka,  Counsul-General  for  Japan  to  Hawaii,  shown  addressing  the  Plenary  Session,  UJNR 
Conference  on  Toxic  Microorganisms.  Asia  Room,  East-West  Center,  University  of  Hawaii,  Honolulu,  October  7,  1968. 
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FOREWORD 


Scientists  and  experts  in  botulism  and  mycotoxins  from  Japan  and  the  United 
States  gathered  in  Honolulu,  Hawaii,  October  7-10,  1968,  at  the  First  UJNR  Con- 
ference on  Toxic  Micro-Organisms. 

Telegrams  expressing  best  wishes  for  a  most  productive  conference  were  received 
from  the  Secretary  of  the  Interior,  the  Secretary  of  Agriculture,  and  the  Special  As- 
sistant to  the  President  for  Science  and  Technology  in  the  United  States. 

The  Conference  was  held  to  increase  our  mutual  knowledge  and  awareness  of 
the  technology,  methodology,  and  research  progress  on  botulism  and  mycotoxins. 
The  specific  meeting  objectives  were: 

"1.  To  focus  attention  on  the  problems  associated  with  botulism  and  mycotoxins. 
"2.  To  organize  the  recent  information  on  the  subject  and  to  point  out  the  deficiencies  in  our 
knowledge. 

"3.  To  promote  expanded  international  cooperation  and  research. 

"4.  To  facilitate  an  active  exchange  of  technical  data  and  methodology. 

"5.  To  disseminate  our  research  findings  and  to  stimulate  the  interest  of  other  students." 

The  meeting  was  held  on  the  campus  of  the  University  of  Hawaii  at  its  East- 
West  Center  which  made  many  of  the  arrangements  and  served  as  Conference 
Secretariat.  The  university  joined  the  UJNR  panel  on  toxic  micro-organisms  in 
hosting  the  Conference.  Discussions  began  in  the  morning  of  October  7  and  ended 
in  the  evening  of  October  10.  On  October  1 1  a  joint  meeting  of  the  Japanese  and 
United  States  panels  was  held  to  evaluate  the  Conference,  to  begin  preparation  of 
these  proceedings,  and  to  continue  the  important  work  of  the  joint  panels. 

The  Conference  consisted  of  two  simultaneously  conducted  sessions  on  myco- 
toxins and  botulism.  Important  research  results  affecting  the  production  of  rice, 
peanuts,  cotton,  and  soybeans;  information  on  serious  potential  hazards  in  certain 
crops  and  commercial  foods;  and  accomplishments  from  such  work  as  assay  methods 
and  large-scale  feed  tests  on  large  animals  were  exchanged  in  the  sessions  on  myco- 
toxins. Production  of  antitoxin  in  humans,  outbreaks  of  type  E  food  poisoning,  and 
development  of  a  multiusc  toxoid  were  among  the  highlights  discussed  during  the 
botulism  sessions. 

These  proceedings  contain  presentations  made  during  the  bilateral  meeting, 
several  associated  submissions,  and  a  final  joint  communique.  Lists  of  the  UJNR 
panel  members  and  of  the  Conference  participants  are  appended. 

James  A.  Slater, 

Chairman, 

First  UJNR  Conference  on  Toxic  Micro-Organisms. 
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EDITOR'S  PREFACE 


In  the  interest  of  expeditious  publication  of  these  proceedings,  the  panel  and 
the  authors  agreed  to  allow  the  editor  wide  latitude  in  the  editing  of  their  papers. 
Papers  were  not  resubmitted  to  the  authors  for  their  approval  of  editorial  changes; 
nor  were  printers  galley  proofs  submitted  to  the  authors  for  their  final  approval. 
The  editor  appreciates  the  confidence  which  the  authors  reposed  in  his  judgment. 
As  a  consequence  of  this  arrangement,  the  editor  takes  full  responsibility  for  any 
errors  of  commission  or  omission  which  he  might  have  made,  albeit  with  the  best  of 
intentions.  The  editor  acknowledges,  with  thanks,  the  efforts  of  Drs.  G.  Sakaguchi 
and  K.  Aibara  for  their  aid  in  interpreting  his  queries  to  Japanese  authors  and  for 
their  advice  on  the  intent  of  some  of  the  wording  in  Japanese  papers.  They  contrib- 
uted valuable  suggestions  and  criticism  but,  of  course,  they  arc  in  no  way  responsible 
for  any  errors  which  may  appear. 
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OPENING  REMARKS 


by  Dr.  Jamks  A.  Slater, 
Chairman  of  the  Conference 


Lieutenant  Governor  Gill,  Consul  General 
Yoshioka,  Vice  President  Takasaki,  Drs.  Amano, 
Benjamin,  and  Distinguished  Delegates:  As  U.S.  Co- 
ordinator of  the  United  States-Japan  Cooperative  Pro- 
gram in  Natural  Resources  (UJNR),  1  consider  it  a 
high  honor  to  serve  as  Chairman  of  this  United  States- 
Japan  Hawaiian  Conference  on  Toxic  Micro-Orga- 
nisms,  and  to  extend  a  warm  welcome  to  each  of 
you.  My  lone  regret  is  that  my  Japanese  counterpart 
Coordinator,  Mr.  Hiroshi  Ando,  was  not  able  to  greet 
you  here  as  cochairman. 

This  meeting  is  unique  and  is  a  highly  significant 
occasion.  It  is  the  first  large-scale  UJXR  Conference 
and  the  first  major  conference  bringing  together  Jap- 
anese and  U.S.  Government  scientists  working  on 
toxic  micro-organisms.  From  it  can  flow  benefits  of 
many  kinds  to  our  two  great  nations  and  to  the  rest 
of  the  world. 

Our  overall  objective  is  well  summarized  in  Secre- 
tary of  the  Interior  Stewart  UdaJl's  remarks  on  the 
UJNR  made  last  year  at  the  United  States-Japan 
Cabinet-level  meeting  on  Trade  and  Economic  Af- 
fairs. Secretary  Udall  said  that  our  program's  objec- 
tive is  "to  learn  what  we  can  from  each  other  so  that 
we  can  leave  to  future  generations  a  better  environ- 
ment than  this  generation  has  inherited.  Rather  than 
each  going  our  separate  ways,  we  an-  sharing  the 
fruits  of  our  joint  efforts." 

YVc  arc  now  well  along  in  the  UJNR.  This  is  the 
fifth  year  of  operation.  We  currently  have  active  pan- 
els working,  on  toxic  micro-organisms,  desalination  of 
sea  water,  air  pollution,  water  pollution,  energy,  for- 
age crops,  national  parks  management,  mycoplasmo- 
sis, wind  and  seismic  effects,  protein  resources,  and 
undersea  technology. 

Five  new  panels  in  marine  resources  will  be  recom- 
mended to  the  UJNR  Conference  later  this  month. 
These  recommendations  were  developed  in  response 
to  a  joint  directive  from  Prime  Minister  Sato  and 
President  Johnson  to  seek  ways  of  greatly  expanding 
United  States-Japanese  cooperation  into  the  dynamic 
fields  of  marine  resources  research,  development,  and 
utilization.  The  panels  will  deal  with  marine  fore- 
casting, aquaculture,  minerals,  seabed  surveying,  and 
fisheries.  Several  of  our  newer  UJXR  panels,  such  as 


Wind  and  Seismic  Effects,  Protein  Resources,  and 
Undersea  Technology,  arc  now  underway  and  are 
realizing  the  vast  opportunities  facing  them  for  apply- 
ing what  we  learn  from  each  other  to  the  benefit  of 
domestic  programs.  For  similar  reasons  and  rewards, 
forestry  experts  in  our  two  countries  met  last  February 
and  recommended  the  formation  of  a  UJNR  panel 
on  forestry  involving  forest  inventory,  protection, 
mechanization,  conservation,  and  reforestation.  Sev- 
eral UJNR  panels  arc  now  at  the  point  of  conducting 
complementary  research,  of  exchanging  equipment 
and  research  materials,  and  of  holding  joint  symposia 
such  as  this  Conference  we  are  convening  today. 

But  we  are  not  meeting  here  to  marvel  at  past 
accomplishments.  We  are  here  to  compare,  gather, 
and  exchange  information  so  man  might  some  day  be 
free  from  many  of  the  harmful  organisms  that  have 
plagued  him  through  the  ages. 

We  arc  concerned  less  about  the  facts  we  know 
than  we  are  about  what  we  do  not  know.  The  mini- 
mum accomplishment  in  this  week  of  talks  will  be  a 
fruitful  exchange  of  information.  In  the  hours  and 
days  ahead,  current  scientific  knowledge  will  be  ad- 
vanced, research  programs  will  be  described,  inven- 
tories of  findings  and  accomplishments  will  be  given, 
and  future  research  plans  will  be  defined.  The  maxi- 
mum immediate  outcome  of  this  Conference  will  re- 
sult in  identifying  and  solving  grave  problems  of 
mutual  concern. 

Beyond  all  this,  it  has  been  said  in  many  ways  and 
at  many  times  that  the  key  to  world  peace  is  now  in 
the  hands  of  scientists,  administrators,  and  techni- 
cians. Let  ns  use  it !  Perhaps  this  might  be  the  greatest 
result  of  our  efforts,  in  this  world  so  torn  apart  by 
misunderstanding.  On  a  personal  basis,  I  should  like 
to  express  here  the  hop*-  that  our  efforts  will  be  but  a 
fine  beginning  for  this  panel  and  for  the  UJNR  and 
that  similar  meetings  will  follow.  I  believe  that  your 
work  will  be  exemplary  of  what  can  be  accomplished 
as  men  of  good  will  reason  together. 

In  closing,  I  should  like  to  thank  all  of  you  again 
for  your  participation  in  this  international  Confer- 
ence. High  officials  in  our  Governments  look  forward 
to  your  constructive  findings  and  sound  conclusions. 
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OPENING  REMARKS 


by  Hon.  Thomas  P.  Gill, 

Lieutenant  Governor  of  the  State  of  Hawaii 


Those  of  us  who  have  the  pleasurable  task  of  greet- 
ing groups  visiting  our  State  are  often  meeting  people 
whose  work  we  don't  understand  at  all.  I  am  quite 
sure,  among  the  many  groups  I  have  had  the  pleasure 
of  meeting,  I  probably  know  as  little  about  your  field 
as  any.  However,  I  think  you  may  be  able  to  offer 
me  some  assurance,  from  your  studies  of  micro-orga- 
nisms, that  they  behave  more  predictably  than  voters ! 
This  last  election  week  has  been  a  little  trying  for 
some  of  us. 

This  UJNR  Conference  is  another  way  of  expressing 
the  useful  and  understandable  concept  of  cooperation 
between  the  United  States  and  Japan.  This  Confer- 
ence has  many  other  implications.  Certainly,  the  work 
that  has  been  done  by  this  group  in  the  past  has  had 
important  effects  on  some  of  the  more  pressing  prob- 
lems we  face  in  both  the  Western  and  Eastern  worlds. 
One  of  the  things  that  has  intrigued  me  is  the  problem 
of  how  we  are  going  to  maintain  a  human  environ- 
ment on  this  earth  that's  worth  living  in.  I  think  that 
the  United  States  and  Japan  may  be  running  a  form 
of  Competition  here.  Having  been  in  both  places 
briefly,  I  came  away  with  the  impression  it  is  a  very 
close  race  between  Los  Angeles  and  Tokyo  to  see 
which  of  the  two  cities  can  pollute  the  atmosphere 
more  completely.  I  don't  know  whether  Tokyo  is 
ahead  or  Los  Angeles  is  ahead,  but  I  wish  to  caution 
you  that  we  are  in  the  middle.  We  hope  that  you  will 
solve  your  air  pollution  problems  before  they  reach 
us  here  in  the  middle  of  the  Pacific ! 

Just  to  prove  we  are  part  of  the  modern  world,  wc 
are  busily  creating  pollution  of  our  own.  We  have  had 
the  opportunity  of  knowing  that  there  can  be  such  a 
thing  as  clean  air  and  clean  water.  Pollution  control 
is  particularly  important  to  us  in  this  State,  not  only 
from  the  scientific  aspect  of  research  in  the  oceans 
and  in  the  upper  atmosphere,  but  it  is  also  important 
to  us  because  we  like  to  have  the  people  who  visit 
and  live  here  enjoy  themselves.  With  the  new  bigger 
and  faster  jets,  many  hundreds  of  thousands  of  people 


from  Los  Angeles  will  fly  out  for  a  few  days  or  a 
weekend  just  for  a  breath  of  fresh  air.  We  hope  to 
keep  the  air  breatheable. 

We  also,  of  course,  are  extremely  interested  in  any 
work  you  may  have  done  on  the  uses  and  the  preser- 
vation of  the  ocean  environment.  At  present,  I  think 
our  interest  in  this  is  primarily  recreational,  though  it 
is  becoming  scientific  to  a  growing  degree.  Some  day 
the  ocean  may  become  of  greater  interest  to  us  from 
a  food  production  standpoint.  Most  of  you  are  aware 
that  the  largest  tonnage  of  fish  caught  in  Hawaiian 
waters  is  caught  by  Japanese  fishermen.  Later  some 
arc  sold  back  to  us.  Wc  are  glad  to  share  this  resource 
and  some  day,  we  may  even  participate  more  effec- 
tively in  harvesting  it. 

One  final  thought  is  of  particular  interest  to  me 
personally:  This  is  the  greater  role  which  is  going  to 
be  played,  in  the  world  surrounding  the  Pacific,  by 
the  people  of  Japan.  Those  who  can  understand  a 
litde  bit  more  than  appears  on  the  front  page  of  the 
newspapers  can  sec  clearly  that  the  future  of  the 
Pacific  world  will  depend  primarily  on  the  degree  of 
cooperation  between  the  United  States  and  Japan. 
The  future  of  Asia  is,  in  an  ever  growing  degree, 
being  influenced  by  the  Japanese  people.  Some  of 
our  efforts  in  the  Far  East  have  not  been  marked  by 
a  singular  success  in  recent  years;  I  suspect  that  in 
part  this  may  be  due  to  our  own  lack  of  understanding 
of  the  area.  In  part,  our  problems  arise  from  the  fact 
that  we  have  not  fully  recognized  the  appropriate 
power  structure  for  the  Far  East  in  the  last  half  of  the 
1960's. 

We  look  forward  to  seeing  more  of  you.  We  hope 
you  will  enjoy  your  stay  in  our  small  and  water- 
bound  State.  We  hope  you  will  enjoy  our  climate, 
our  water  and  our  air,  and  such  facilities  as  we  have 
been  able  to  make  available  to  you  here.  Finally,  we 
hope  that  your  meetings  will  be  productive  and  your 
conclusions  helpful. 

Aloha  and  thank  you  ail  for  coming. 
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OPENING  REMARKS 


by  Hon.  Akira  Yoshioka, 
Japanese  Consul-General,  Hawaii 


Mr.  Chairman,  Distinguished  Delegates,  and  Gen- 
Ucinen:  It  is  indeed  a  great  honor  for  me  to  be  able 
to  make  a  few  remarks  as  a  sort  of  representative  of 
the  Japanese  Government  on  this  opening  session  of 
the  Symposium  on  the  Toxic  Micro-Organisms  of  the 
United  States-Japan  Cooperative  Program  in  Natural 
Resources  hosted  by  the  U.S.  Government. 

First  of  all,  I  would  like  to  say  Aloha  to  all  of  you, 
to  the  American  friends  who  came  from  the  mainland, 
as  well  as  to  the  Japanese  friends  who  have  just 
arrived  here  from  my  mother  country. 

As  you  know  by  the  introduction  of  my  brief  back- 
ground by  Dr.  James  Slater,  I  have  been  in  the 
diplomatic  service  of  the  Japanese  Government  for 
more  than  25  years. 

As  a  diplomat,  I  am  supposed  to  know  everything 
of  something,  and  something  of  everything.  However, 
in  the  field  of  science  in  which  all  of  you  are  spe- 
cialized and  on  which  you  arc  going  to  exchange 
views  and  information,  I  must  confess  utter  ignorance. 
The  only  thing  I  know  is  the  significance  and  impor- 
tance of  the  cooperation  and  collaboration  you  arc 
going  to  make  in  the  coming  session. 

It  is  also  quite  significant  that  this  meeting  is  going 
to  take  place  at  the  East-West  Center  in  Hawaii 
which  is  located  in  the  center  of  the  Pacific  Ocean 
and  just  half  way  from  either  side  and  where  East 
and  West  are  going  to  merge.  In  Hawaii  many  ethnic 
peoples  are  mixed  and  mingled.  Several  decades  ago 
Polynesian,  Philippine,  Chinese,  Japanese,  and  white 
Americans  well  might  have  had  their  own  communi- 
ties and  it  was  quite  a  heterogeneous  society.  But 
now  racial  differences  arc  going  to  be  diluted  and 
Hawaii  is,  slow  as  its  process  may  be,  now  going  to 
be  a  homogeneous  community.  It  may  be  proved  by 
the  fact  that  the  State  of  Hawaii  is  the  only  State  in 
the  United  States  which  is  neither  molested  nor  dis- 
turbed by  the  black  power. 


Hawaii  is  a  model  State  where  the  international  or 
intcrethnic  cooperation  has  been  accomplished.  In 
my  view,  the  world  of  21st  century  will  take  after  the 
State  of  Hawaii,  in  the  sense  that  various  different 
nations  will  mix  up  and  live  together  and  eliminate 
ethnic  traits  or  characteristics,  and  form  a  homogene- 
ous conglomeration.  That  will  be  made  possible  by 
the  development  of  mass  communication  media  using 
quite  sophisticated  instruments.  That  will  be  brought 
to  reality  by  the  revolution  of  transportation,  which 
is  symbolized  in  the  transition  from  the  transsonic 
planes  to  the  supersonic  jets. 

If  you  set  here  an  example  of  cooperation  in  the 
field  of  scientific  research  between  our  two  countries, 
that  will  affect  and  influence  the  rest  of  the  world. 

If  this  symposium  is  instrumental  in  reducing  the 
peril  of  the  harmful  micro-organisms,  that  will  go  a 
long  way  toward  the  enhancement  of  the  happiness 
and  welfare  not  only  of  our  two  nations,  but  also  the 
rest  of  all  the  nations  of  the  world. 

Your  achievements  will  become  the  common  legacy 
of  mankind.  Your  accomplishments  will  be  inherited 
by  the  coming  generations  of  our  two  countries  and 
their  benefits  will  be  shared  by  the  other  peoples  of 
the  world  as  well. 

In  closing  my  brief  remarks,  let  me  express  our 
sincere  thanks  to  Drs.  James  Slater,  Chester  Benjamin, 
and  Theodore  Bell  and  other  members  of  the  host 
country  for  their  marvellous  preparation  in  the  pro- 
cedural as  well  as  in  logistic  matters. 

As  I  am  still  a  newcomer  to  Honolulu  and  your 
hosts  arc  so  capable,  I  do  not  think  there  is  much  I 
can  do  to  help  the  participants  of  both  countries.  But 
if  there  should  be  anything  I  can  do  to  make  your 
stay  here  enjoyable,  the  door  to  my  office  is  always 
open  to  all  of  you. 

Thank  yon. 
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OPENING  REMARKS 


by  Richard  S.  Takasaki, 

Vice  President,  V nicer sity  of  Hawaii 


May  I  on  behalf  of  Acting  President  Hiatt  and  the 
University  of  Hawaii  welcome  the  delegates  to  this 
Joint  United  States-Japan  Cooperative  Program  on 
Development  and  Utilization  of  Natural  Resources, 
Conference  on  Toxic  Micro-Organisms. 

We  are  pleased  that  yon  have  elected  to  discuss 
this  important  subject  on  this  campus. 

Since  Hawaii  has  a  very  strong  cultural  tic  with 
Japan,  the  University  of  Hawaii  is  especially  pleased 
to  have  the  privilege  of  hosting  this  conference  at  the 
East-West  Center. 

Four  years  ago  the  University  of  Hawaii  developed 
its  first  Academic  Development  Plan,  which  serves  as 
the  master  plan  for  guiding  the  growth  and  develop- 
ment of  the  university.  The  Academic  Development 
Plan  recognizes  the  fact  that  the  University  of  Hawaii 


cannot  become  outstanding  in  all  fields  of  higher 
education.  It,  therefore,  assessed  the  university's  po- 
tential in  relation  to  Hawaii's  location,  geography, 
and  people.  Based  on  this  analysis,  the  areas  of  tropi- 
cal health,  tropical  medicine,  and  tropical  agriculture, 
among  others,  were  selected  as  areas  in  which  Hawaii 
will  seek  to  develop  real  strength  and  leadership. 
This  Conference  on  the  development  and  utilization 
of  natural  resources  concerning  toxic  micro-orga- 
nisms, therefore,  is  of  vital  interest  to  us. 

May  I  wish  you  the  best  of  conferences,  and  I 
hope  that  you  thoroughly  enjoy  your  stay  at  the 
University  of  Hawaii. 

Please  call  on  us  if  there  is  anything  we  can  do  to 
improve  our  services  for  this  Conference.  Aloha. 
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OPENING  REMARKS 


by  Dr.  Keishi  Amano, 

Acting  Chairman,  Japan  Toxic  Micro-Organisms  Panel,  UJAR 


Mr.  Chairman,  Distinguished  Guests,  Participants, 
and  Ladies  and  Gentlemen:  It  is  my  great  pleasure 
to  be  here  to  convey  the  opening  remarks  to  you  all 
from  Dr.  K.  Miyaki,  chairman  of  the  Japanese  panel, 
on  this  occasion  of  the  UJNR  Symposium  and  Panel 
Meeting  on  Toxic  Micro-Organisms.  Dr.  Miyaki 
would  have  wished  to  extend  his  sincere  appreciation 
personally  and  introduce  his  panel  members  to  all  of 
you  from  this  platform.  However,  to  our  great  regret, 
he  is  not  able  to  do  so,  owing  to  his  recent  physical 
difficulty. 

Opening  Address 

It  was  5  years  ago  that  the  cooperative  activi- 
ties between  the  United  States  and  the  Japanese 
Panels  on  Toxic  Micro-Organisms  of  the  United 
States-Japan  Cooperation  on  Development  and 
Utilization  of  Natural  Resources  was  actually- 
started.  I  believe,  during  these  5  years,  we  have 
come  to  a  much  better  understanding  of  our 
subject  by  the  studies  on  botulism  and  myco- 
toxins  that  have  been  made  in  both  countries 
and  this,  in  turn,  has  greatly  encouraged  us  to 
work  harder  to  make  the  greater  advances. 

This  Hawaiian  joint  conference  will  be  of  ut- 
most significance,  not  only  for  reviewing  our  past 
cooperation,  but  also  for  continuing  a  closer  co- 
operation between  both  countries.  Presentations 
of  the  results  of  the  recent  investigations  on  the 
two  subjects  and  the  full  discussions  by  the  at- 
tendants here  at  the  East-West  Center  of  the 
University  of  Hawaii  will,  no  doubt,  contribute 
a  great  deal  to  prevention  of  the  public  health 
hazard  arising  from  the  two  different  toxic  micro- 
organisms and  to  the  advancement  of  human 
welfare  in  the  world. 

We,  the  Japanese  scientists,  all  greatly  appre- 
ciate the  efforts  of  Dr.  C.  R.  Benjamin  and  other 
U.S.  panel  members  and  Dr.  T.  L.  Bell  and  his 
associates  of  the  University  of  Hawaii  for  having 
made  arrangements  for  this  Conference.  With- 
out the  efforts  made  by  the  U.S.  panel  members 
and  the  supports  by  the  U.S.  Government  and 
the  University  of  Hawaii,  we  would  not  have 
been  able  to  hold  such  a  well-organized  confer- 
ence. We,  the  Japanese  panel  members,  feel  we 


owe  a  great  deal  to  the  U.S.  panel  in  that  we 
have  contributed  very  little  to  the  making  of 
arrangements  for  the  Conference.  I  hope,  how- 
ever, that  you,  the  U.S.  panel  members  and 
other  attendants  from  the  United  States,  will 
realize  our  sincerity  through  the  fact  that  the 
papers  which  are  going  to  be  presented  by  the 
Japanese  participants  cover  nearly  all  the  re- 
search activities  made  in  recent  years  on  the  two 
subjects,  botulism  and  mycotoxins,  in  Japan. 

I  sincerely  hope  that  all  the  attendants  from 
both  countries  will  try  in  cooperation  to  bring 
the  Conference  to  a  great  success. 

Thank  you  very  much. 

Komei  Miyaki, 

Chairman, 

the  Japanese  l'oxic  Micro-Organisms  Panel. 


May  I  add  some  few  words  myself,  Mr.  Chairman, 
Ladies  and  Gentlemen,  on  behalf  of  the  Japanese 
panels  and  participants  gathered  in  this  beautiful  con- 
ference hall  this  morning.  Firstly,  I  would  like  to 
express  our  hearty  thanks  to  Dr.  Slater,  chairman  of 
the  Conference,  who  has  been  carrying  out  the  impor- 
tant administrative  work  in  order  to  bring  our  plan 
into  today's  reality.  Secondly,  I  know  that  Dr.  C.  R. 
Benjamin,  chairman  of  American  panels,  and  his  col- 
leagues, arc  now  bringing  to  flower  their  long  cher- 
ished dream.  Thus,  I  express  my  appreciation  for  the 
tremendous  efforts  which  they  have  exerted  from  the 
very  beginning  of  our  joint  symposium  program; 
please  allow  me  to  say,  "congratulations" ! 

We  are  also  very  much  grateful  to  Dr.  Bell,  pro- 
gram director  of  the  Conference,  and  his  staff,  who 
have  undertaken  the  various  troublesome  details  in 
order  to  arrange  the  meetings  in  Honolulu.  We  are 
particularly  obliged  to  the  American  panel  for  the 
thoughtful  preparation  of  simultaneous  translation. 
You  can  hardly  imagine  how  helpful  it  is  to  our 
people  to  discuss  the  subjects  in  a  relaxed  atmosphere. 
Most  words  of  my  acknowledgments  have  already 
been  covered  by  the  message  sent  from  our  chairman. 
I  realize  that,  but  I  also  believe  that  it  is  worthwhile 
to  repeat  them  again  and  over  again.  Thank  you. 
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OPENING  REMARKS 


by  Dr.  Chester  R.  Benjamin 

Chairman,  U.S.  Toxic  Micro-Organnms  Panel,  UJNR 


First,  I  should  like  to  add  a  few  words  of  welcome 
to  those  already  said.  Our  U.S.  Toxic  Micro-Orga- 
nisnis  Panel  is  very  pleased  to  be  one  of  the  sponsors 
of  the  Conference.  For  some  time  we  have  been  look- 
ing forward  to  the  honor  of  meeting  with  you  here 
and  are  glad  to  see  that  so  many  of  you  could  come. 
We  certainly  welcome  you  to  this  first  UJNR  Confer- 
ence on  Toxic  Micro-Organisms  and  hope  that  you 
will  find  the  next  several  days  a  fruitful  and  scien- 
tifically rewarding  experience. 

We  extend  a  special  welcome  to  the  Japanese  par- 
ticipants. Some  of  you,  I  know,  have  worked  long 
and  hard  to  achieve  the  fine  representation  shown 
here.  This  is  particularly  true  of  Dr.  Komei  Miyaki, 
your  Japanese  panel  chairman,  and  we  sincerely  re- 
gret that  his  health  does  not  permit  his  personal  at- 
tendance. Those  of  you  who  can  come,  we  cordially 
invite  to  the  mainland  following  the  Conference  to 
visit  our  various  research  laboratories.  Some  of  you 
may  already  have  completed  your  arrangements  for 
such  visits,  but,  if  not,  and  if  our  panel  can  be  of  any 
assistance,  please  do  not  hesitate  to  call  upon  us. 

I  next  wish  to  say  a  few  words  concerning  the 
background  of  the  Conference,  particularly  from  the 
viewpoint  of  our  U.S.  panel.  When  our  counterpart 
panels  were  formed  in  1964,  it  was  in  recognition  of 
the  need  for  increased  scientific  cooperation  between 
Japan  and  the  United  States  on  the  mutual  problems 
of  botulism  and  mycotoxins.  Panel  membership  was 
drawn  from  the  four  departments  and  two  ministries 
of  our  Governments  that  were  most  concerned  with 
these  problems.  Kach  panel  currently  has  eight  mem- 
bers, all  of  whom  are  Government  scientists  chosen 
on  the  basis  of  their  subject  matter  specialties.  In  the 
case  of  our  U.S.  panel,  the  members  are  scattered  in 
six  States  and  the  District  of  Columbia. 

In  the  4  years  of  our  existence,  our  panels  have 
participated  in  a  variety  of  cooperative  activities  de- 
signed to  increase  our  mutual  knowledge  and  aware- 
ness of  the  technology,  methodology,  and  research 
progress  on  botulism  and  mycotoxins.  With  the  nota- 
ble exception  of  the  present  conference,  however,  our 
cooperation  has  been  largely  a  panel-to-panel  effort. 
Conceived  as  a  joint-panel  endeavor  and  planned  to 
bring  together  HO  or  more  of  the  top  subject  specialists 
of  our  two  countries,  this  Conference  represents  our 
most  ambitious  undertaking  to  date.  We  have  high 


hopes  for  its  success. 

Dr.  Slater  has  given  you  the  overall  objective  of 
the  UJNR  program  and  has  nicely  summarized  why 
we  are  here.  I  need  not  belabor  the  latter  point,  but 
would  like  to  augment  his  remarks  by  identifying  the 
objectives  of  the  Conference  as  follows: 

(1)  To  focus  attention  on  the  problems  associated 
with  botulism  and  mycotoxins. 

(2)  To  organize  the  recent  information  on  the  sub- 
ject and  point  out  the  deficiencies  in  our  knowl- 
edge. 

(3)  To  promote  expanded  international  coopera- 
tion and  research. 

(4)  To  facilitate  an  active  exchange  of  technical 
data  and  methodology. 

(5)  To  disseminate  our  research  findings  and  stim- 
ulate the  interest  of  other  students. 

We  may  or  may  not  achieve  all  of  these  objectives 
and  the  question  of  whether  we  do  or  do  not  will  not 
be  fully  answerable  for  some  years  to  come.  We  do 
know  that  substantial  intellectual  and  material  re- 
sources have  been  devoted  to  these  problems  by  both 
countries  and  the  time  seems  appropriate  to  assess 
where  we  stand.  As  was  pointed  out  by  Dr.  Slater, 
the  minimum  accomplishment  here  will  be  a  fruitful 
exchange  of  information.  How  much  more  will  be 
accomplished  is  less  predictable.  The  organizers  of 
the  Conference,  the  arrangements  committee,  the  in- 
terpreters and  language  services  experts,  the  Univer- 
sity of  Hawaii,  the  East-West  Center,  and  the  various 
agencies  and  organizations  that  wc  represent  have  all 
participated  in  bringing  us  together  and  in  setting 
the  stage  for  a  productive  conference.  The  rest  is  up 
to  us. 

In  closing,  let  me  say  on  behalf  of  the  U.S.  panel 
that  we  have  deeply  appreciated  the  high  spirit  of 
cooperation  and  the  ready  assistance  that  we  have 
received  from  everyone  involved  in  the  Conference. 
With  such  cooperative  attitudes  and  the  great  wealth 
of  talent  gathered  here,  I  am  confident  that  this  Con- 
ference can  represent  a  landmark  both  in  our  UJNR 
program  and  in  our  understanding  of  toxic  micro- 
organisms. May  it  also  serve  as  a  guide  to  further 
international  cooperation  efforts  in  solving  the  many 
complex  problems  of  biology,  agriculture,  and  public 
health. 
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COMMUNICATIONS  TO  THE  CONFERENCE 


October  3,  1968. 

On  President  Johnson's  behalf,  I  extend  greetings 
and  best  wishes  for  a  most  productive  UJNR  Con- 
ference on  Toxic  Micro-Organisms  and  Botulism.  You 
are  proving  by  your  efforts  that  men  of  science — 
Men  of  Good  Will— from  two  great  nations  can  find 
answers  to  some  of  the  world's  most  complex  prob- 
lems. 

Dr.  Donald  F.  Hornic, 
Sprcial  Assistant  to  the  President 

for  Science  and  Technology. 

October  4,  1968. 

Please  pass  my  warm  personal  greetings  to  all  par- 
ticipants in  UJNR  Conference  on  Toxic  Micro-Orga- 
nisms and  Botulism  and  my  sincere  hope  that  this 
historic  Conference  will  demonstrate  that  great  things 
can  be  achieved  through  cooperation.  As  cabinet  co- 
ordinator for  the  UJNR,  I  look  forward  to  seeing 
your  accomplishments  and  the  visible  results  of  your 
fine  efforts. 

Stkwart  L.  Udall, 
Secretary  of  the  Interior. 


October  7,  1968. 

Please  extend  my  warm  greetings  to  the  represent- 
atives of  the  Joint  United  States-Japan  Cooperation 
on  Development  and  Utilization  of  Natural  Re- 
sources. Your  Conference  on  Toxic  Micro-Organisms 
in  Honolulu  is  an  event  of  special  significance  as  the 
first  comprehensive  symposium  bringing  together  the 
principal  authorities  of  the  United  States  and  Japan 
in  this  field.  Protection  of  food  and  feed  supplies  from 
toxic  contamination  is  of  vital  importance.  I  am  sure 
the  various  departments  and  ministries  of  our  two 
governments  cooperating  in  the  meeting  will  find  the 
extensive  exchange  of  ideas  and  information  most 
profitable.  VVc  have  already  found  many  mutual  bene- 
fits from  working  together  in  UJNR.  Best  wishes  for 
a  successful  Conference  and  continuing  cooperative 
actions. 

Orville  L.  Freeman, 

Secretary  of  Agriculture. 
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PERSPECTIVES  ON  THE  MYCOTOXIN  PROBLEMS  IN  JAPAN 


by  Komei  Miyaki* 

National  Institute  of  Health,  Department 

of  Food  Research,  Tokyo,  Japan 


In  order  to  discuss  the  mycotoxin  problems  en- 
countered in  Japan,  it  is  a  prerequisite  to  understand 
the  climate  in  Japan  and  the  eating  habits  of  the 
Japanese  people  which  are  very  different  from  those 
of  Western  people.  For  instance,  the  average  yearly 
temperature  in  the  Tokyo  area  is  15.5°  C.  and  the 
average  hunudity  is  71  percent.  This  climate  repre- 
sents the  "high  temperature  and  high  humidity"  type, 
which  favors  the  growth  of  fungi. 

The  eating  habits  of  the  Japanese  people  are  char- 
acterized by  consumption  of  rice  as  the  major  food. 
According  to  the  statistics,  the  average  yearly  con- 
sumption of  rice  is  130  kg.  per  capita,  in  other  words, 
330  g.  per  day  per  capita  as  polished  rice.  Starchy 
food  constitutes  as  high  as  65  percent  of  the  total 
food  consumption  by  the  Japanese  people.  This  pro- 
portion is  approximately  1.5  times  higher  than  the 
corresponding  rate  of  40  percent  in  the  Western  ra- 
tions. Even  if  the  living  standards  of  Japanese  become 
much  higher  in  future,  people  would  still  consume 
starchy  food  as  60  percent  of  the  total  diet.  This 
implies  that  the  Japanese  people  will  continue  to 
consume  rice  in  such  an  amount  that  would  provide 
about  50  percent  of  the  total  calories  required. 

Another  characteristic  of  the  Japanese  eating  habit 
is  the  consumption  of  fermented  foods,  such  as  fer- 
mented soybean  protein  products  and,  for  some  peo- 
ple, rice  liquor.  Our  people  cannot  do  without  such 
foodstuffs.  Thus,  the  Japanese  people  have  tradition- 
ally been  making  good  use  of  fungi  for  more  than 
1,000  years.  On  the  other  hand,  how  much  progress 
has  been  made  in  research  on  fungi  which  may  be 
hazardous  to  human  health? 

In  reviewing  the  history  of  mycotoxin  research  one 
finds  pioneering  work  was  initiated  in  U.S.S.R.  in 
response  to  human  and  animal  cases  of  poisoning, 
alimentary  toxic  aloikia  (ATA)  (1)  due  to  Fusarium, 
and  in  the  United  States  in  animal  cases  of  poisoning 
due  to  mold-contaminated  feed  (2).  In  Japan,  re- 
search on  mycotoxin  was  stimulated  by  the  assump- 
tion made  by  Sakaki  (3)  in  1891  that  a  notorious 
human  disease,  beriberi,  must  have  been  caused  by 
moldy  rice.  I.  Miyaki  (4)  started  to  work  on  the 
molds  contaminating  rice  in  1910.  He  isolated  Penicil- 
lium  toxicarium,  id  est  Penicillium  citreo-viride,  from  stored 

•R««J  by  H.  Kurata. 


rice  and  demonstrated  by  animal  feeding  tests  that 
the  rice  artificially  infected  with  the  mold  was  toxic 
(5,  6,  7).  Hirata'(fl)  and  Sakabe  et  al.  (9)  demon- 
strated in  1947  that  a  toxic  metabolite  produced  by 
Penicillium  citreo-viride  exhibited  neurotoxicity  (JO). 

Tsunoda,  a  student  of  I.  Miyake,  demonstrated 
that  the  mice  fed  on  rice  experimentally  infected  with 
P.  islandicvm  developed  cirrhosis  (//).  Further  studies 
were  performed  on  the  toxicity  of  P.  islandicum  and  a 
series  of  reports  were  published  by  Kobayashi  et  al. 
(12),  M.  Miyake  et  al.  (13),  Saito  (14),  Enomoto 
(15),  and  Ishiko  (16). 

In  the  meantime,  as  chemical  studies  on  the  toxic 
metabolites  were  advanced,  the  chemical  structures 
of  luteoskyrin  and  rubroskyrin  were  determined  by 
Shibata  et  al.  (17,  18)  and  structure  of  islanditoxin 
was  determined  by  Manimo  et  al.  (19).  The  toxicities 
of  luteoskyrin  and  islanditoxin  were  studied  in  detail 
by  Uraguchi  et  al.  (20),  and  it  is  particularly  note- 
worthy that  the  carcinogenicity  of  islanditoxin  was 
proved.  Biochemical  studies  on  luteoskyrin  are  being 
performed  by  Morooka  et  al.  (21)  and  Ucno  et  al. 
(22).  Recently,  Umeda  et  al.  (23)  examined  the  toxic 
effects  of  luteoskyrin  on  the  tissue  culture  of  HeLa 
cells. 

An  event  involving  so-called  "yellowed  rice"  oc- 
curred in  1953  with  the  rice  imported  from  Southeast 
Asia.  Although  no  human  cases  of  poisoning  were 
recorded,  such  "yellowed  rice"  was  found  to  be  highly 
contaminated  with  P.  islandicum,  P.  citreo-viride,  or  P. 
citrinum  producing  a  nephrotoxic  substance,  citrinin 
(10).  Later,  scientists  in  the  field  of  mycotoxin  re- 
search recommended  to  the  Japanese  Government 
that  administrative  action  should  be  taken  to  protect 
the  people  against  any  possible  hazards  from  such 
"yellowed  rice".  Consequently  the  Ministry  of  Health 
and  Welfare  and  the  Ministry  of  Agriculture  and 
Forestry  dispatched  examiners  to  those  countries  ex- 
porting rice  to  Japan  and,  at  the  same  time,  started 
to  examine  imported  rice.  The  recent  advancement 
in  the  study  of  mycotoxin  in  Japan  has  been  largely 
stimulated  by  that  event. 

In  1953,  Hori  et  al.  (24)  and  Yamamoto  (25,)  of 
the  Kobe  City  Institute  of  Health,  investigated  an 
outbreak  of  poisoning  among  dairy  cows  involving 
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more  than  100  deaths  and  demonstrated  by  experi- 
ments on  calves  that  the  causative  agent  was  patulin 
produced  by  P.  urticat  in  the  feed  (26). 

In  1955,  ILzuka  et  al.  (27)  found  maltorizine,  a 
toxic  metabolite  produced  by  Aspergillus  oryzae  var. 
microsporus,  to  be  the  cause  of  the  poisoning  among 
dairy  cows  and  also  determined  its  chemical  structure. 
Pathological  studies  on  the  poisoned  cases  were  per- 
formed by  Okubo  et  al.  (28).  It  should  be  emphasized 
that  A.  oryzae,  a  species  closely  resembling  A.  flaws, 
had  been  found  to  produce  this  toxic  substance  before 
anatoxin  was  found  in  1960. 

Other  studies  were  made  on  food  poisoning  due  to 
consumption  of  noodles  and  dumplings  on  which 
Fusarium  gramintarum  had  grown.  This  mold  has  long 
been  known  in  Japan  as  "red  mold"  of  wheat.  In 
1948,  Hirayama  et  al.  (29)  reported  an  outbreak  of 
"red  mold"  poisoning.  This  disease  was  spontaneous 
and  acute  with  such  symptoms  as  fever,  chill  and 
vomiting.  Takeda  et  al.  (30)  carried  out  etiological 
studies  on  another  outbreak  of  fusarium-poisoning 
which  occurred  in  1951  to  1953  in  Hokkaido,  the 
northern-most  island  of  Japan.  Tsunoda  et  al.  (31) 
performed  similar  studies.  Both  groups  failed  to  isolate 
the  causative  substance.  In  1958,  Uraguchi  et  al.  (32) 
reported  pharmacological  studies  made  with  F.  roseum, 
another  species  isolated  from  wheat  and  barley  scab. 
Attempts  were  made  by  Ikeda  et  al.  (33)  to  demon- 
strate the  presence  of  the  toxic  substance  produced 
by  the  strains  of  F.  gramintarum  isolated  in  1963  by 
Kurata  et  al.  (34)  from  specimens  of  wheat  and  barley 
scab  prevailing  all  over  Japan.  .No  toxic  substance 
was  found  in  these  studies. 

Incidentally,  Tsunoda  (35)  isolated  Fusarium  nivale 
in  addition  to  F .  gramintarum  from  the  mold-infested 
feed  that  had  caused  poisoning  among  cattle.  Experi- 
mental animals  administered  a  feed  artificially  inocu- 
lated with  F.  nivalt  showed  a  very  high  mortality 
rate.  It  appears  doubtful  that  F.  gramintarum,  the 
dominant  species  commonly  isolated  from  wheat  and 
barley  scab,  is  toxic  to  animals.  Chemical  studies  on 
the  toxic  metabolite  of  F.  nivale  have  been  conducted 
by  Tatsuno  in  cooperation  with  Morooka,  in  conjunc- 
tion with  the  pathological  studies  performed  by 
Okubo  et  al.  (56".)  Biochemical  studies  on  the  toxic 
metabolite  have  also  been  performed  by  Ucno  et  al. 
(57).  The  results  of  these  studies  will  be  presented  in 
this  Conference.  I  am  sure  that  a  fruitful  discussion 
will  take  place  in  this  meeting  on  the  species  of  the 
causative  fungus  of  the  so-called  red-mold  poisoning. 

Extensive  mycological  studies  on  the  distribution  of 
toxic  fungi,  especially  on  stored  cereals  and  imported 
rice,  have  been  made  in  Japan  by  Tsunoda  (37,  38), 
Tsuruta  (39),  Iizuka  (40),  and  Udagawa  (41).  A  my- 
cological study  on  powdered  milk  as  well  as  cereal 


products  was  performed  by  Inagaki  (42).  Recently, 
Kurata  et  al.  (43)  performed  mycological  and  toxico- 
logical  studies  on  various  foodstuffs. 

Studies  on  anatoxin  started  in  Japan  in  1964,  just 
after  the  International  Symposium  on  Oilseed  Protein 
Food  held  at  Mt.  Fuji  Hotel.  At  that  symposium,  the 
importance  of  the  future  studies  on  aflatoxin  was 
emphasized  by  many  papers  concerning  mycological, 
chemical,  and  biological  problems  involved  and  on 
the  practical  treatment  of  agricultural  commodities. 
Aibara  and  Miyaki  (44)  of  the  National  Institute  of 
Health,  realizing  the  importance  of  the  matter,  im- 
mediately started  to  determine  the  aflatoxin  produc- 
tivity of  about  200  strains  of  industrial  koji  mold 
including  A.  oryzat,  A.  flatus  and  A.  tamarii.  Ten  strains 
of  dairy  molds  were  also  examined.  The  standard 
aflatoxin  producing  strain,  A.  flams  ATCC  15517, 
was  sent  from  Dr.  G.  N.  Wogan  of  the  Massachusetts 
Institute  of  Technology,  to  be  used  as  a  reference 
strain  in  Japan.  No  aflatoxin-producing  strain  was 
found  by  thin-layer  chromatography,  ultraviolet  spec- 
trophotometry, fluorescent  spectrophotometry  and 
yolk-sac  inoculation  test  (45). 

Matsuura  et  al.  (46),  of  the  research  group  of  the 
Food  Research  Institute,  examined  108  samples  of 
"miso",  28  samples  of  "rice  koji"  and  238  strains  of 
"koji  mold"  for  aflatoxin  and  aflatoxin  productivity. 
Murakami  et  al  (47),  of  the  Research  Institute  of 
Brewing,  examined  samples  of  "koji  mold"  used  in 
the  production  of  Japanese  "sake"  wine.  These  results 
did  not  demonstrate  that  any  mold  of  the  Aspergillus 
group  now  being  used  for  fermentation  in  brewery 
industries  in  Japan  produces  aflatoxin.  In  1965 
Kurata  et  al.  (48)  found,  for  the  first  time  in  Japan, 
two  strains  of  A.  flams  capable  of  producing  aflatoxin 
from  wheat  flour  and  bean  powder  on  market. 
Murakami  et  al.  (49)  have  performed  comparative 
taxonomic  studies  on  aflatoxin-producing  Aspergillus 
and  the  domestic  strains  of  the  A.flavus  group.  Manabc 
et  al.  (50)  separated  aflatoxins  into  Bi,  Ba,  Gi  and  Ga 
by  column  chromatography.  Uritani  ct  al.  (5/)  have 
been  studying  the  effect  of  aflatoxin  on  the  regenera- 
tion of  the  plant  tissues  with  interesting  results. 
Yokotsuka  et  al.  (52)  and  Sasaki  et  al.  (53)  have 
engaged  in  studies  on  fluorescent  and  nonfluorescent 
pyrazinc  compounds  produced  by  koji  mold.  Terao 
et  al.  (54)  are  trying  to  elucidate  the  mode  of  action 
of  aflatoxin  on  the  chicken  embryonic  liver  cells.  The 
research  group  of  the  National  Institute  of  Health 
have  investigated  various  chemical  and  biological 
methods  for  detecting  aflatoxin  and  also  the  effects  of 
irradiation  with  7-ray  and  ultraviolet  upon  aflatoxin 
(55).  An  assay  method  for  aflatoxin  using  the  tissue 
culture  of  the  synchronized  kidney  cells  has  recently 
been  developed  (56). 
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Table  1.— Institutions  and  research  areas  of  mycotoxin  studies  in  Japan 


Research  areas 


Toxicology, 
and     pharmacology,  Standard 
Institution  Mycology         biochemistry      and  pathology     assay  methods 

National  institutions: 

National  Institute  of  Health  --   XXX 

National  Institute  of  Hygienic  Sciences   X  X  X  X 

Food  Research  Institute   X  X  X  X 

Research  Institute  of  Brewing  X     

Research  Institute  of  Sciences    X    .... 

Universities: 

University  of  Tokyo: 

Faculty  of  Medicine    _.  X   

Institute  of  Medical  Science  .   X   

University  of  Chiba: 

Faculty  of  Pharmacology    X    

Institute  of  Food  Microbiology    X  X   

Science  University:  Faculty  of  Pharmacology   X  X 

University  of  Nagoya:  Faculty  of  Agricultural 

Chemistry       X  X   

Tokyo  Agricultural  College.  .  t   X   

Nippon  Veterinary  and  Zootcchnical  College   .   X 

Private  laboratory:  Kiltkoman  Central  Research  Institute. .  X  X  X   


The  Japanese  institutions  where  mycotoxin  studies 
are  performed  and  tlie  research  areas  in  which  they 
are  engaged  arc  summarized  in  table  1 . 

Future  mycotoxicological  studies  in  Japan  should 
be  directed  at  agricultural  commodities  of  both  im- 
ported and  domestic  origin,  at  agricultural  products 
for  both  human  and  auimal  consumption,  and  at 
food  products  including  fermented  foods  related  to 
the  eating  habits  of  the  Japanese  people  The  projects 
of  immediate  importance  are: 

(1)  To  study  the  ecology  of  the  mycotoxin-pro- 
ducing  fungi  affecting  field  crops  and  contami- 
nating the  agricultural  commodities. 

(2)  To  establish  precise  and  rapid  chemical  assay 
methods  for  detection  of  mycotoxins  in  foods 
and  feeds. 

(3)  To  establish  practical  methods  for  bioassay  of 
mycotoxins  produced  by  fungi  in  foods  and 
feeds. 

(4)  To  study  the  possible  hazardous  effects  on  hu- 
man health  of  the  animal  products  from  the 
livestock  raised  on  mycotoxic  feeds. 

(5)  To  study  the  epidemiology  of  such  diseases  as 
cancer  of  the  alimentary  tract,  hypertension, 
etc.,  prevailing  among  the  inhabitants  of  cer- 
tain areas  in  Japan,  to  find  out  whether  or  not 
mycotoxin  is  involved  in  the  cause  of  such  dis- 

(6)  To  develop  practical  methods  to  detoxify  myco- 
toxins in  foods  and  feeds  on  a  large  scale. 

The  mycotoxin  studies  in  Japan,  especially  those 
performed  in  the  national  institutions,  have  come  into 
a  new  phase.  This  phase  began  in  1965  when  the 


panels  on  toxic  micro-organisms  were  included  in  the 
United  States-Japan  Cooperation  on  the  Develop- 
ment and  Utilization  of  Natural  Resources  (UJNR). 
The  studies  of  aflatoxin  and  many  other  mycotoxins 
in  Japan  were  greatly  stimulated  by  this  cooperative 
program. 

It  became  possible  for  the  scientists  in  both  coun- 
tries to  exchange  directly  the  most  up-to-date  infor- 
mation on  mycotoxins  which  resulted  in  a  great 
contribution  to  the  development  of  the  studies  in 
Japan.  This  contribution  will  be  enhanced  by  this 
Hawaiian  Conference.  In  order  to  solve  the  problems 
described  above,  cooperative  work  among  scientists 
in  different  fields  must  be  continued  in  Japan.  When 
we  look  back  someday  in  the  future,  I  believe  we 
will  find  that  a  great  contribution  was  rendered  by 
this  Hawaiian  Conference  to  the  progress  of  the  studies 
in  Japan  and  to  the  cooperative  efforts  between  the 
United  States  and  Japan. 
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It  is  a  pleasure  to  be  with  you  today  to  discuss  a 
problem  that  is  truly  international  in  character.  Be- 
cause the  molds  that  produce  mycotoxins  have  been 
found  on  crops  in  many  parts  of  the  world,  the  re- 
search being  conducted  with  these  organisms  cannot 
be  circumscribed  by  geography. 

I  need  not  belabor  the  point  that  toxin-producing 
molds  arc  extremely  hardy.  Most  of  them  have  existed 
for  thousands  of  years.  And  certain  toxic  symptoms 
noted  in  both  man  and  animals  have  long  been  known 
to  be  caused  by  molds.  Until  the  extensive  poultry 
losses  in  England  in  1960,  however,  mycotoxicosis 
was  in  fact  a  neglected  disease.  Only  limited  research 
effort  was  devoted  to  understanding  mycotoxins  or  to 
developing  control  methods. 

After  the  English  outbreak  was  traced  to  imported 
peanut  meal  that  had  become  contaminated  with  a 
very  common  mold,  Aspergillus  fiavus,  additional  re- 
sources were  directed  to  this  held  of  work.  Discovery 
of  aflatoxin  and  the  subsequent  identification  of  a 
family  of  anatoxins,  toxic  compounds  produced  by 
this  mold,  stimulated  interest,  concern,  and  research 
effort  in  the  scientific  community. 

In  the  United  States,  we  were  concerned  when  we 
detected  aflatoxin  in  two  of  our  oilseed  crops,  peanuts 
and  cottonseed.  The  existence  of  this  problem  in  our 
country  was  first  indicated  by  two  research  studies 
reported  in  1963.  In  April  of  that  year,  a  research 
group  in  California  reported  that  a  high  incidence  of 
liver  cancers  had  occurred  in  hatchery  rainbow  trout. 
A  dry  ration  containing  an  oilseed  meal  was  the 
prime  suspect.  The  other  study  was  conducted  by 
Professor  Salmon  of  Auburn  University  and  involved 
feeding  a  domestic  peanut  meal,  as  a  major  source  of 
protein,  to  rats.  The  rats  developed  a  high  incidence 
of  liver  cancers. 

With  these  indications  that  we  could  have  a  poten- 
tially serious  domestic  problem  caused  by  toxic  molds, 
the  U.S.  Department  of  Agriculture  began  to  expand 
the  scope  of  its  mycotoxin  studies.  Other  agencies 
investigating  the  problem  arc  the  Food  and  Drug 
Administration,  the  National  Institutes  of  Health,  the 
National  Science  Foundation,  and  many  of  our  State 
agricultural  experiment  stations.  USDA  has  estab- 
lished and  maintained  effective  liaison  with  all  of 


these  agencies,  as  well  as  with  industry  groups. 

By  starting  early  and  moving  ahead  aggressively 
with  this  work,  USDA's  Agricultural  Research  Service 
has  become  the  leader  in  mycotoxin  research  in  the 
United  States.  Our  major  efforts  arc  directed  toward 
aflatoxin  production,  detection,  and  decontamina- 
tion; the  incidence  of  aflatoxin  in  various  crops;  how 
aflatoxin  affects  animals;  and  what  other  mycotoxins 
are  capable  of  causing  similar  problems. 

Fortunately,  mycotoxin  problems  in  the  United 
States  are  still  more  potential  than  actual.  We  have 
experienced  no  large-scale  difficulties.  And  although 
there  is  as  yet  very  litdc  factual  information  concern- 
ing possible  hazards  to  human  health,  we  feel  that 
the  precautions  we  are  taking  assure  the  absence  of 
any  problems  in  this  respect  with  our  human  food 
supply. 

Effects  of  Mycotoxins 

We  have  been  able  to  observe  the  effects  of  afla- 
toxin on  animals  and  plants.  Its  toxicity  has  been 
demonstrated  in  rainbow  trout,  rats,  brine  shrimp, 
insects,  protozoa,  chickens,  turkeys,  ducks,  pheasants, 
goats,  swine,  guinea  pigs,  and  cattle.  It  inhibits  some 
bacteria,  and  it  can  cause  chlorophyll  deficiency  and 
inhibit  seed  germination  in  green  plants. 

Mycotoxins,  then,  could  cause  livestock  losses,  but 
this  may  not  be  the  biggest  problem  they  pose.  There 
is  some  evidence  that  long  term  consumption  of  afla- 
toxin-contaminated  feeds  can  reduce  animal  growth 
if  the  contamination  is  present  at  sufficiently  high 
levels.  This  could  have  an  economic  impact  on  world- 
wide meat  production. 

In  all  of  these  considerations,  there  is  a  very  large 
if.  Mycotoxins  could  become  a  problem  if  we  do  not 
develop  a  thorough  understanding  of  them  and  for- 
mulate effective  ways  for  dealing  with  them.  I  fully 
anticipate  that  a  successful  cooperative  research  pro- 
gram, combined  with  continued  efficiency  and  good 
practices  on  the  part  of  our  farmers  and  food  proces- 
sors, will  keep  mycotoxins  out  of  our  food  and  feed 
marketing  channels.  This  is  more  than  just  wishful 
thinking  on  my  part.  Our  domestic  peanut  industry, 
for  example,  has  instituted  voluntary  rules  and  pro- 
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cedures  that  assure  safe  and  wholesome  peanuts  for 
food  uses. 

Cooperative  Regulation  of 
Peanut  Marketing 

We  know  that  the  incidence  of  aflatoxin  contami- 
nation in  our  domestic  peanut  crop  can  vary  from 
season  to  season  as  a  result  of  temperature  and  mois- 
ture conditions  occurring  at  harvest.  A  survey,  con- 
ducted in  Georgia  during  the  1966  harvesting  season, 
showed  that  approximately  5  percent  of  over  2,000 
samples  of  farmers'  stock  peanuts  contained  aflatoxin. 
Within  the  5  percent,  a  relatively  few  kernels  can  be 
the  principal  source  of  contamination. 

Assuming  that  we  can  project  this  on  a  national 
scale,  only  a  small  portion  of  the  total  crop  could  be 
implicated.  When  contamination  is  found  in  any  pea- 
nuts destined  for  market,  the  entire  lot  is  remilled. 
Then,  if  the  contaminated  nuts  arc  not  removed,  or 
if  the  lot  continues  to  show  a  positive  reading,  the 
peanuts  are  diverted  into  other  channels.  This  is  ac- 
complished through  a  cooperative  program  involving 
USDA,  the  Food  and  Drug  Administration,  and  the 
peanut  industry  itself. 

This  program  has  produced  benefits  for  everyone 
concerned.  Program  costs  to  the  Government  have 
been  reduced.  Although  the  cost  of  raw  peanuts  to 
manufacturers  is  up  slighdy,  quality  is  higher.  The 
industry  growth  rate  is  up;  lower  quality  peanuts  are 
being  diverted  from  food  trade  channels;  and  the 
quality  and  safety  of  peanut  products  reaching  con- 
sumers is  no  doubt  at  its  highest  level. 

Crops  Affected 

Based  on  the  research  reported  in  1963,  wc  knew 
that  aflatoxin  could  occur  naturally  in  our  domestic 
peanuts.  We  did  not  know  whether  or  not  toxic  strains 
of  the  Aspergillus  flavus  mold  occurred  in  such  other 
domestic  agricultural  commodities  as  cottonseed,  soy- 
beans, wheat,  corn,  sorghum,  and  oats.  Later  surveys 
that  wc  made  of  these  crops  indicate  that  such  con- 
tamination is  possible. 

Because  of  the  extensive  trade  in  soybeans  between 
Japan  and  the  United  States,  you  will  be  interested 
in  the  information  we  are  developing  on  soybeans. 
Laboratory  samples  of  all  the  commodities  I  men- 
tioned, including  soybeans,  were  inoculated  with  As- 
pergillus flavus.  The  mold  grew  luxuriantly  on  each 
commodity  and  produced  some  aflatoxin  on  each.  It 
did  not,  however,  grow  as  well  on  soybean  samples  as 
it  did  on  samples  of  the  other  commodities. 

As  far  as  cotton  is  concerned,  we  have  encountered 
the  A.  flavus  mold  in  seed  harvested  at  a  few  field 


locations  throughout  the  U.S.  Cotton  Belt.  But  the 
percentages  of  infected  seeds  and  the  levels  of  aflatoxin 
have  been  in  the  main  very  low;  and  just  as  we  have 
noted  with  peanuts,  aflatoxin  contamination  in  cotton 
appears  to  be  concentrated  in  a  very  few  seeds.  Noth- 
ing in  the  data  we  have  obtained  so  far  indicated  a 
major  problem  in  more  than  perhaps  a  very  few 
restricted  areas. 

Crops  other  than  peanuts  and  cotton  appear  to  be 
affected  to  lesser  degrees.  Sampling  programs  recently 
established  by  the  Food  and  Drug  Administration 
should  help  us  to  determine  the  extent  of  this  con- 
tamination. Several  different  foods  and  food  products 
are  being  checked. 

When  available,  quantitative  and  statistical  evalua- 
tions should  also  be  helpful  to  us  in  projecting  our 
research  needs. 

Cost  of  Research 

In  fiscal  year  1968,  USDA  had  about  $1,800,000 
available  for  research  on  deleterious  molds  and  their 
control.  The  1968  expenditures  for  the  toxic  mold 
research  program  of  the  State  agricultural  experiment 
stations  were  over  $600,000.  Research  on  mycotoxins 
is  also  supported  by  grants  from  the  National  Science 
Foundation,  National  Institutes  of  Health,  and  other 
granting  agencies. 

Within  USDA,  these  funds  support  research  in  six 
general  problem  areas.  Several  of  our  people  will 
discuss  aspects  of  our  work  later  in  these  proceedings. 
At  this  point,  I  would  like  to  review  each  problem 
area  in  more  general  terms. 

Problem  Area  No.  1 

The  first  problem  area  involves  invesdgating  the 
entire  range  of  conditions  under  which  aflatoxin  is 
produced.  This  is  really  basic  to  our  entire  effort, 
because  aflatoxin  is  not  produced  until  the  environ- 
mental conditions  are  favorable  for  growth  and  devel- 
opment of  the  fungus. 

Moisture  and  temperature  arc  the  chief  limiting 
factors  that  determine  mold  growth.  If  grain  is  stored 
in  closed  containers  on  a  hot,  humid  day,  and  later 
subjected  to  a  drop  in  temperature,  mold  can  grow 
from  moisture  condensing  on  the  grain.  As  for  tem- 
perature, wc  have  determined  that  aflatoxin  forms 
readily  at  about  28°  C.  Yields  of  different  aflatoxins, 
however,  vary  with  differences  in  temperature  and 
moisture.  Aeration  is  another  important  influence, 
since  all  aflatoxin-producing  fungi  require  air  for 
growth.  Condition  of  the  crop  itself  likewise  plays  a 
role.  For  example,  when  the  seedcoat  is  broken  be- 
cause of  insect  damage,  mechanical  breakage  during 
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harvesting,  or  excessive  heating  in  drying,  the  seed  is 
much  more  vulnerable  to  mold  invasion. 

Apparently,  most  contamination  problems  occur 
during  post-harvest  handling  and  treatment.  Once 
we  determine  the  precise  causative  factors  under  field 
conditions,  our  scientists  can  begin  developing  new 
or  modified  technology  to  eliminate  the  difficulties. 
Our  marketing  specialists  are  also  working  on  ways 
to  prevent  molds  from  developing  in  stored  products. 

Problem  Area  No.  2 

The  second  set  of  problems  with  which  we  arc 
working  is  in  the  development  of  rapid  and  accurate 
methods  to  detect  aflatoxin  contamination. 

Present  detection  systems  are  effective,  but  in  many 
cases  they  are  complicated  and  time-consuming.  We 
are  still  modifying  and  refining  these  systems,  as  well 
as  developing  better  ones.  One  of  the  newest  was 
developed  by  our  market  research  specialists  and  is  a 
direct  and  rapid  visual  technique  for  identifying  molds 
in  lots  of  farmers'  stock  peanuts  at  the  point  of  first 
inspection.  In  early  tests,  it  was  found  that  even  un- 
trained or  inexperienced  persons  could,  after  a  brief 
training  period,  identify  A.  flaws  in  peanuts  correcUy 
87  percent  of  the  time.  A  manual  for  translating 
these  test  results  into  practical  grading  instructions  is 
being  prepared. 

Another  detection  method,  developed  by  one  of  our 
biochemists,  permits  checking  a  peanut  sample  in 
about  15  minutes  at  the  marketing  site.  With  this 
millicolumn  chromatographic  procedure,  it  is  possible 
to  determine  both  the  presence  and  the  amount  of 
aflatoxin  in  a  sample. 

Recent  modifications  in  an  aqueous  acetone 
procedure  have  improved  both  the  accuracy  and  pre- 
cision of  aflatoxin  estimates  in  cottonseed.  Developing 
improved  biological  assay  techniques  is  also  included 
in  our  detection  work. 

Problem  Area  No.  3 

When  contamination  is  detected,  the  next  step  is  to 
develop  methods  for  removing  it. 

If  the  problem  is  present  in  a  relatively  small  num- 
ber of  seeds,  we  have  an  excellent  opportunity  for 
mechanical  removal.  In  peanuts,  for  example,  a  small 
number  of  contaminated  kernels  may  make  objective 
representative  sampling  difficult,  but  it  makes  eco- 
nomical culling  feasible.  This  physical  separation 
could  include  hand-picking,  photoelectric  sorting,  and 
use  of  mechanical  sorters. 

In  case  the  contamination  cannot  be  removed  me- 
chanically, it  may  be  possible  to  extract  it  with  sol- 
vents during  processing.  We  have  developed  such  a 


method  for  removing  aflatoxin  from  ground  peanuts 
or  peanut  meal.  This  extraction  system,  which  in- 
volved using  acetone,  hexane,  and  water,  was  origi- 
nally developed  to  remove  gossypol  and  oil  from 
cottonseed  meals.  We  later  found  that  it  also  works 
very  effectively  with  peanuts. 

Our  scientists  are  exploring  still  other  possibilities. 
These  include  degrading,  destroying,  or  otherwise  in- 
activating the  anatoxins  by  heat,  chemical,  or  biolog- 
ical means. 


Problem  Area  No.  4 

We  hope  to  determine  the  scale  on  which  decon- 
tamination is  necessary  through  our  work  in  this  area, 
surveying  the  incidence  of  aflatoxin  in  various  crops. 

Our  survey  of  aflatoxin  in  corn,  wheat,  sorghum, 
oats,  and  soybeans  began  in  1963,  when  samples  of 
all  grades  of  each  of  these  grains  were  collected  from 
principal  commercial  markets.  Aflatoxin  was  detected 
in  only  52  out  of  the  3,548  samples  analyzed.  This 
involved  35  out  of  1,31 1  corn  samples;  two  out  of  534 
wheat  samples;  six  out  of  533  sorghum  samples;  tw<> 
out  of  304  oat  samples;  and  seven  out  of  866  soybean 
samples. 

Most  of  the  samples  in  which  aflatoxin  was  detected 
were  taken  from  lower  grades  of  the  commodities 
involved.  No  sample  contained  more  than  19  parts 
per  billion  of  aflatoxin,  and  25  of  the  samples  con- 
tained less  than  seven  parts  per  billion. 

As  part  of  this  work,  we  also  conduct  periodic 
surveys  of  the  incidence  of  aflatoxin  in  cottonseed, 
cottonseed  meal,  peanuts,  rice,  and  grains  that  have 
been  placed  in  storage. 

Problem  Area  No.  5 

All  of  the  problems  that  I  have  discussed  so  far 
deal  with  the  presence  of  aflatoxins  in  agricultural 
commodities.  To  evaluate  the  dangers  that  contami- 
nated feeds  pose  to  livestock,  we  are  conducting  ani- 
mal feeding  experiments.  These  tests  will  determine 
the  effect  of  aflatoxins  on  the  various  species,  as  well 
as  determining  whether  or  not  they  can  be  trans- 
mitted in  edible  animal  products. 

Practical  feeding  trials  involving  swine  and  beef 
cattle  have  been  investigated  and  the  tissues  of  these 
animals  have  been  biologically  and  chemically  ana- 
lyzed for  aflatoxin.  We  found  no  evidence  that  the 
dietary  aflatoxin  in  the  ration  was  transmitted  into 
edible  portions  of  these  animals.  Our  scientists  used 
these  same  approaches  in  work  with  dairy  cows  and 
poultry.  Tests  involving  these  two  kinds  of  animals 
are  still  being  evaluated. 
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Problem  Area  No.  6 

As  explained  above,  most  of  our  work  to  date  has 
focused  on  the  aflatoxins.  We  do,  however,  recognize 
that  these  materials  arc  only  a  part  of  the  total  prob- 
lem. This  problem  area  then,  is  concerned  with  iso- 
lating and  characterizing  new  mycotoxins  that  may 
occur  in  our  food  and  feed  products. 

Some  of  these  mycotoxins  are  produced  by  fungi 
that  are  parasitic  on  living  plants,  including  grasses, 
cereal  crops,  and  legumes.  Others  are  produced  by 
fungi  that  cause  moldincss  in  stored  grains,  feeds,  and 
other  relatively  dry  products. 

Research  on  other  mycotoxins  is  providing  us  with 
more  complete  information  on  strains  of  fungi  that 
can  produce  them.  The  toxins,  in  turn,  are  being 
isolated,  analyzed,  and  tested. 

This  particular  problem  area  underscores  a  need 
that  we  feel  for  expanding  the  scope  of  this  work  in 
order  to  forestall  any  future  problems.  It  also  provides 
us  with  an  opportunity  to  apply  and  confirm  many 
of  the  things  we  have  learned  in  our  aflatoxin  studies. 

Immediate  Needs 

We  regard  all  six  of  these  areas  as  vital  to  the 
eventual  solution  of  our  mycotoxin  problems.  Of  im- 
mediate concern  to  us  is  insuring  that  wholesome 
food  products  and  livestock  feeds  will  continue  to 
flow  to  their  respective  markets  in  an  orderly  and 


efficient  manner.  Research  can  help  us  to  do  this  in 
two  ways. 

One  way  is  to  develop  very  rapid  methods  for 
detecting  aflatoxin  in  specific  commodities.  In  the 
case  of  corn,  for  example,  there  may  be  a  lapse  of  as 
little  as  48  hours  between  the  time  a  carload  arrives 
at  a  processing  plant  and  the  time  it  is  shipped  out  as 
a  finished  product.  To  avoid  delays  in  processing 
during  this  time  interval,  we  would  need  to  develop 
a  30-  to  60-minute  assay  for  clearing  each  carload 
after  arrival. 

Another  immediate  problem  is  to  develop  more 
effective  ways  to  save  contaminated  crops  for  use  as 
food  or  feed.  I  have  already  mentioned  some  of  the 
decontamination  methods  we  arc  testing.  Chemical 
treatments  show  particular  promise.  But  before  we 
can  formulate  and  recommend  any  such  methods,  we 
must  establish  what,  if  anything,  these  treatments  do 
to  the  commodity's  nutritive  value.  We  must  also 
establish  that  the  finished  product  contains  no  delete- 
rious residues  that  might  result  from  degradation 
products  of  the  mycotoxins. 

There  arc,  of  course,  other  immediate  problems 
related  to  our  research.  I  mention  these  two  because 
they  seem  to  me  to  be  particularly  critical  at  this 
point. 

On  an  overall  basis,  our  evaluation  of  the  problem 
could  be  stated  more  simply.  We  feel  that  it  is  impor- 
tant, that  it  may  be  serious,  and  that  the  amount  of 
research  attention  we  are  devoting  to  it  is  well  justified. 


Digitized  by  Google 


SOME  BIOASSAY  METHODS  FOR  MYCOTOXINS 


by  Robert  F.  Brown 

Division  of  Microbiology,  Food  and  Drug  Administration,  Washington,  D.C.  20204 


Introduction 

Mycotoxins  represent  a  group  of  toxic  fungal  me- 
tabolites which  have  been  found  to  contaminate  some 
foods.  Some  of  these  compounds  have  been  shown  to 
have  a  high  order  of  acute  toxicity  to  certain  animal 
species  and  have  exhibited  potent  carcinogenic  prop- 
erties (20).  Many  cases  of  illness  or  death  in  cattle, 
swine,  flocks  of  chickens  and  turkeys,  as  well  as  other 
animals,  are  believed  to  have  been  caused  by  myco- 
toxins contaminating  animal  feeds  (15).  The  demon- 
stration of  various  biological  effects  resulting  from 
the  ingestion  of  contaminated  foods  by  experimental 
animals  has  emphasized  the  potential  public  health 
hazard  which  might  arise  from  contamination  of  the 
food  supply  by  mycotoxins  (JO,  20).  The  U.S.  Food 
and  Drug  Administration,  as  well  as  other  public 
health  organizations,  is  well  aware  of  the  desirability 
of  keeping  foods  free  of  these  toxic  compounds. 

Bioassay  is  defined  as  a  determination  of  the  po- 
tency of  a  physical,  chemical,  or  biological  agent  by 
means  of  a  biological  indicator  (7).  The  indicators  of 
biological  activity  are  the  measurable  responses  pro- 
voked by  these  agents  in  a  surviving  organism  or 
tissue.  A  variety  of  biological  indicators  may  supply 
these  responses.  These  may  be  whole  organisms,  iso- 
lated organs  or  tissues,  and  populations  of  cells.  The 
object  of  bioassay  is  to  establish  a  relative  potency  of 
a  compound  and  to  supply  an  estimate  of  the  reliabil- 
ity of  the  potency  (7). 

Several  principles  have  been  given  for  estimating 
the  relative  potencies  of  compounds  by  comparison 
with  their  biochemical,  physiological,  and  toxicolog- 
ical  effects.  The  following  are  a  few  of  the  principles 
that  one  should  consider  in  developing  a  precise  bio- 
assay (7): 

(1)  The  biological  indicator  chosen  should  be 
closely  related  to  the  significant  effect  of  the 
compound.  For  example,  if  the  significant  char- 
acteristic is  carcinogenicity,  then  the  biological 
indicator  should  be  one  in  which  the  induction 
of  neoplasm  can  be  clearly  shown. 

(2)  Dose-response  curves  should  be  established 
which  are  linear  over  a  wide  range  of  dose  con- 
centrations. 

(3)  A  highly  purified  and  carefully  preserved  stand- 
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ard  preparation  of  the  material  that  is  to  be 
bioassayed  must  be  used  as  a  reference  for 
activity. 

(4)  The  assay  should  be  planned  so  that  the  log 
dose-rcsponse  curves  of  the  preparation  whose 
potency  is  to  be  determined  are  parallel  with 
the  reference  standard. 

(5)  The  relative  potency  should  be  estimated  by 
comparing  the  log-dose  of  the  unknown  with 
the  log-dose  of  the  standard  that  produces  an 
effect  of  equal  magnitude. 

(6)  The  error  of  the  estimated  potency  should  be 
calculated  from  the  internal  evidence  of  the 
bioassay. 

(7)  To  keep  precision,  reliability,  and  ease  of  com- 
putations high,  the  bioassay  should  be  con- 
ducted under  a  rigid  experimental  design. 

Development  of  precise  bioassay  methods  for  most 
mycotoxins  is  difficult  because  most  practical  chemi- 
cal analytical  procedures  produce  only  crude  prepara- 
tions which  may  contain  related  compounds  that  also 
have  biological  activity.  Chemical  assay  for  myco- 
toxins depends  on  extraction  and  chromatographic 
separation  with  presumptive  identification  by  com- 
parison with  reference  standards  on  a  thin-layer 
chromatographic  plate  (6*).  The  possibility  exists  that 
nontoxic  compounds  in  nature  may  have  a  similar 
chromatographic  behavior. 

Bioassay  for  mycotoxins  has  been  utilized  primarily 
to  provide  an  additional  confirmation  of  the  identity 
established  by  chemical  means.  A  number  of  biologi- 
cal tests  have  been  developed  for  this  purpose.  Bacte- 
ria (6,  12,  21),  brine  shrimp  (2),  chick  embryo  (19), 
day-old  ducklings  (4),  calf  kidney  cells  (5),  embryonic 
lung  cells  (8),  human  Chang  liver  cells  (8),  zebra  fish 
(1),  insects  (14),  mollusc  eggs  (18),  fungi  (3),  rainbow 
trout  (9),  and  albinism  in  plants  (17)  are  among  the 
biological  organisms  which  have  been  utilized  in  these 
tests. 


Methods 

The  aflatoxins  have  been  identified  as  a  mixture  of 
closely  related  metabolites  produced  by  some  strains 
of  the  mold  Aspergillus  ftavus.  This  mixture  has  been 
characterized  chemically  as  substituted  difuranocou- 
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marins  and  acts  as  a  very  potent  toxin  in  some  animal 
species.  Since  its  initial  discovery  and  isolation  afla- 
toxin  has  been  evaluated  in  a  greater  variety  of  bio- 
logical systems  than  any  other  mycotoxin. 

Bacterial  inhibition.— In  regulatory  work,  the 
extensive  research  equipment  and  highly  trained 
personnel  required  for  some  biological  tests  are  dis- 
advantages. Tests  should  be  as  simple  and  rapid  as 
is  practicable.  Growth  inhibition  of  bacterial  test 
organisms,  a  technique  which  has  been  applied  to 
the  determination  of  anatoxins  (6),  has  the  advan- 
tages of  speed  and  simplicity  over  other  biological 
assays  developed  as  tests  to  confirm  chemical  deter- 
minations. This  method  utilizes  anatoxin  Bi  of  the 
highest  available  purity  such  as  is  used  in  other  cur- 
rent biological  tests;  it  can  be  performed  in  any  micro- 
biological laboratory;  and  it  provides  a  response 
within  15  hours.  It  is  based  on  the  growth  inhibition 
of  Bacillus  megaterium  in  response  to  aflatoxin  Bi. 
Among  329  micro-organisms  tested  with  crude  afla- 
toxin*, B.  megaterium  was  found  to  be  the  most  sensi- 
tive (3). 

This  method  utilizes  standard  antibiotic  zone  inhi- 
bition techniques.  Known  quantities  of  aflatoxin  Bi 
dissolved  in  chloroform  arc  applied  to  V4-inch  paper 
disks  (Schleicher  and  Schuell  No.  740-E).  After  com- 
plete evaporation  of  the  chloroform,  the  disks  are 
placed  on  B.  megaterium  tryptone-glucose-ycast  (TGY) 
agar  plates.  The  medium  is  composed  of  TGY  with 
1.0  percent  agar,  adjusted  to  pH  6.2,  and  seeded 
with  1  percent  of  a  spore  suspension  of  B.  megaterium 
containing  approximately  1  x  10 10  spores  per  milliliter 
(1:99,  spore  suspension:  TGY  medium).  After 
thorough  mixing,  4  ml.  of  the  seeded  agar  medium 
is  added  to  each  Petri  dish  (100  nun.  wide  x  15  mm. 
deep),  distributed  evenly  by  tilting  plates  from  side 
to  side  with  a  circular  motion,  and  allowed  to  harden 
on  a  level  surface.  The  plates  are  incubated  at  35°  to 
37°  C.  for  15  to  18  hours.  Any  aflatoxin  present 
diffuses  into  the  medium  surrounding  the  disk  and 
forms  a  zone  of  growth  inhibition. 

Inhibition  is  detectable  with  1  pg.  of  aflatoxin  Bi 
as  early  as  7  hours  after  incubation;  well-defined  zones 
of  inhibition  are  produced  after  15  to  18  hours.  Crude 
aflatoxin,  mixtures  of  Bi  and  Gi,  highly  purified  afla- 
toxin Bi,  crude  ochratoxin,  and  70  percent  pure 
ochra toxin  A  all  give  comparable  results.  Chloroform- 
impregnated  disks  and  sample  extracts  free  of  afla- 
toxins  arc  carried  through  the  procedure  as  controls. 
No  zones  of  inhibition  occur.  Crude  extracts  from 
Fusarium  tricinctum  and  Chaetomium  globosum  also  inhibit 
the  organism.  Patulin  gives  inhibition  at  4  to  8  ng. 
per  disk. 

Stained  smears  made  of  the  organism  from  the 
margin  of  the  zone  of  inhibition  have  revealed  aber- 
rant forms  consisting  of  elongated  cells.  These  cells 


may  be  compared  with  those  observed  in  cultures  of 
Escherichia  coli  which  had  been  exposed  to  aflatoxin 
and  indicated  that  the  mechanism  of  cell  division  has 
been  somewhat  damaged  (21).  Flavobacterium  aurantia- 
cum  grown  in  the  presence  of  aflatoxin  also  develops 
aberrant  cells  (12).  In  this  case,  the  enhanced  length 
of  the  cells  is  the  most  striking  change;  in  addition, 
the  ends  of  these  cells  are  swollen  and  often  branched. 
Giant  cell  formation  has  also  been  reported  after  ex- 
posure of  hcteroploid  human  embryonic  lung  cells  to 
0.1  p.p.m.  of  aflatoxin  (//). 

Brine  shrimp. — An  alternate  method,  which  also 
is  relatively  simple  and  rapid,  and  which  can  be 
carried  out  in  most  laboratories,  utilizes  the  brine 
shrimp,  Artemia  salina  (2).  The  use  of  the  brine  shrimp 
in  a  bioassay  technique  of  this  kind  has  several  distinct 
advantages.  This  test  can  be  conducted  in  24  hours. 
Highly  trained  personnel  and  specialized  apparatus 
are  not  necessary.  It  also  is  unnecessary  to  maintain 
living  cultures  of  test  organisms.  The  eggs  of  Artemia 
are  easily  obtainable  from  pet  shops  at  a  moderate 
price.  These  eggs  will  remain  viable  for  several  years 
when  they  are  stored  in  a  dry  condition.  The  eggs 
hatch  in  less  than  24  hours  at  27°  C.  in  artificial  sea 
water  with  a  specific  gravity  of  1 .02.  The  environment 
of  the  larvae  from  hatch  until  the  end  of  the  experi- 
ment can  be  easily  controlled.  Brine  shrimp  of  uni- 
form vitality  can  be  obtained  by  selecting  larvae  that 
swim  from  a  darkened  to  an  illuminated  environ- 
ment. The  brine  shrimp  has  been  used  for  bioassay  in 
testing  anesthetics,  insecticides,  antibiotics,  and  radio- 
isotopes. 

The  brine  shrimp  eggs  are  placed  on  one  side  of 
the  barrier  in  the  brine  shrimp  rearing  dish.  The 
hatched  larvae  arc  able  to  swim  through  the  openings 
in  the  barrier.  A  light  source  at  the  side  of  the  dish 
attracts  the  swimming  larvae  through  the  barrier  and 
also  influences  them  to  congregate  in  one  location,  so 
that  they  may  be  more  easily  drawn  up  in  sufficient 
numbers  with  a  pipette. 

The  tests  are  conducted  in  U.S.  Plant  Industry 
Station  watch  glasses.  These  are  similar  to  Syracuse 
watch  glasses  but  are  smaller:  8  mm.  deep  and  with 
an  inside  diameter  of  20  mm.  The  desired  quantity  of 
aflatoxin  Bi  dissolved  in  chloroform  is  delivered  into 
each  dish.  The  chloroform  is  then  removed  by  evap- 
oration on  a  steam  bath.  Approximately  30  to  50 
brine  shrimp  larvae  are  drawn  up  with  0.5  ml.  of 
artificial  sea  water  by  means  of  a  graduated  1  ml. 
pipette  and  transferred  to  each  watch  glass  in  the 
test.  Aflatoxin  Bi  is  soluble  in  artificial  sea  water  up 
to  about  15  Mg-  per  0.5  ml.  The  sensitivity  of  the  test 
is  below  the  upper  solubility  limits.  A  population  of 
up  to  about  50  brine  shrimp  larvae  can  be  maintained 
in  0.5  ml.  artificial  sea  water  without  adverse  effects 
on  test  results.  The  watch  glasses  are  maintained  at 
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37.5°  C.  for  24  hours  underneath  inverted  Wheaton 
preparation  dishes.  The  percent  inactive  shrimp  are 
calculated  after  the  24-hour  period. 

Mortality  was  greater  than  90  percent  after  24 
hours  at  dose  levels  of  1 .0  ng.  per  ml.  and  above.  The 
lowest  level  of  aflatoxin  tested  was  0.5  jig-  per  ml., 
which  produced  61  percent  mortality.  Preliminary 
testing  with  partially  purified  ochratoxin  has  revealed 
an  order  of  toxicity  approximately  one-fifth  that  of 
aflatoxin  Bi.  Mortality  was  15  percent  at  1.0  ng.  per 
ml.  and  23  percent  at  2.0  ng.  per  ml.  The  highest 
dose  level  tested  was  16.0  Mg-  per  ml.,  which  pro- 
duced 49  percent  mortality.  An  acetone  extract  of  a 
culture  of  Fusarium  tricincium  produced  100  percent 
mortality  at  16  hours  after  1  nl.  of  this  extract  had 
been  added  to  the  test  dish  and  the  chloroform  evap- 
orated. The  same  results  occurred  at  all  dose  levels 
up  through  20  /til.  These  data  are  shown  in  figure  1 . 

Chicken  embryo  assay.— The  chicken  embryo  as- 
say is  one  of  the  most  satisfactory  assays  for  confirm- 
ing the  chemical  identification  of  aflatoxin  and  it 
is  presently  being  used  by  the  Food  and  Drug  Admin- 


Figura  1.— Brill*  shrimp  bioassay  of  aflatoxin  Bi  and  ochra- 
toxin. 


istration.  Next  to  the  duckling  test  this  is  the  most 
frequendy  used  bioassay.  Upon  the  report  that  as 
little  as  0.3  fig.  of  crude  aflatoxin  caused  the  death  in 
2  dap  of  5-day-old  chicken  embryos  (16),  a  bioassay 
technique  utilizing  the  chicken  embryo  was  developed 
(19).  This  amount  of  crude  aflatoxin  is  1  /200th  the 
amount  required  for  a  positive  result  in  day-old  duck- 
lings. 

Preliminary  studies  using  the  chicken  embryo 
method  have  revealed  a  decreasing  order  of  toxicity 
for  toxic  fungal  metabolites  as  follows:  Bi,  B2,  Mi, 
aspertoxin,  Gi,  G2,  and  crude  ochratoxin.  No  toxicity 
to  the  chicken  embryo  was  exhibited  by  aflatoxin  Baa 
or  hemiacetal  of  aflatoxin  at  approximately  80  times 
the  dose  level  used  for  aflatoxin  Bi.  This  information 
is  given  on  table  1 . 

The  technique  used  for  the  chicken  embryo  involves 
a  choice  of  two  routes  of  injection  or  administration: 
either  direcdy  into  the  yolk  or  into  the  air  cell.  Air 
cell  injection  has  proved  to  be  more  sensitive  than 
the  yolk  injection  route,  as  is  indicated  on  table  1.  In 
addition  to  avoid  contamination,  use  of  the  yolk  route 
requires  that  the  injections  be  carried  out  in  an  iso- 
lator box  with  a  sterile  atmosphere  created  by  using 
formaldehyde  vapors  (13).  Use  of  the  air  cell  route 
for  injection  does  not  require  this  isolator  box  proce- 
dure. 

When  using  the  air  cell  route,  chromatographically 
pure  aflatoxin  Bi  or  another  mycotoxin  is  injected 
into  the  air  cells  of  fertile  White  Leghorn  eggs  before 
incubation.  Before  injection  the  eggs  are  candled  in 
order  to  discard  those  that  are  defective,  the  exact 
location  of  the  air  cell  is  outlined  with  a  pencil  (13), 
and  a  hole  about  5  mm.  in  diameter  is  drilled  into 
the  shell  over  the  air  cell.  The  test  solution  is  then 
deposited  on  the  egg  membrane  and  the  hole  is  sealed 
with  adhesive  cellophane  tape,  with  care  not  to  cover 
the  entire  air  cell.  The  volume  injected  into  the  air 
cell  is  generally  restricted  to  0.04  ml.  or  less. 


LDr.0 


Air  cell  injection       Yolk  injection 
Pg-/egg  Pg./cgK 


B,    0.025   0.048 

Bz  125   

M,  2  

Aspertoxin  7   .7 

G,   l.l  -  

G,   2.7.  

Ochratoxin  5  to  10   

B»,  (Hemiacetal)  None  at  0.20  pg./egg  


>FVom  Krayblll.  H.  P.  On  preaa)  presented  at  Ssaaton  on  Toxlooloeical 
Problem*  in  Agriculture  and  Industry  at  International  Seminar  on  Occupa- 
tional Health  Problem*  in  Developing  Countries,  Lagos,  Nigeria,  Apr.  1«, 
1968. 


Digitized  by  Google 


MYCOTOXINS 

Table  2.- Protocol  for  aflatoxin  Bi  assay  in  the  chicken  embryo1 


\5 


Number  of  cgt?s 


20  or  more  

Do  

Do  

Do  

Do  

Do1  

Do1  

Do  

Do'  

Do1  

30  or  more  


Quantity  injected 


ml. 


Expected  mortality 
percent 


0.020 
.010 
.005 
.0025 
.020 
.010 
.005 
.02 
.01 
.005 


0.20 
.10 
.05 
.025 
.20 
.10 
.05 


Material  injected 


100  Test  (unknown  sample). 

100  Test  10<ig./ml. 
90  Do. 
50  Do. 

100  AHatoxin  Bi  standard. 

90  AHatoxin  10  pg./ml. 
50  Do. 

<20  Solvent  (ethanol). 
<  10  Do. 
<10  Do. 

<20  Noninjected  controls. 


•Levels  to  be  included  when  a  new  »t»ndard  Is  employed,  a  new  advent  b  obuioed,  or  when  the  egga  comr  (rom  >  new  flock. 


Table  2  gives  the  protocol  for  setting  up  a  routine 
test  for  anatoxin.  Propylene  glycol  was  the  solvent 
originally  chosen,  but  because  of  its  high  viscosity,  it 
presents  problems  in  the  handling  and  injection  of 
solutions.  Any  nontoxic  solvent  which  is  capable  of 
solubilizing  the  mycotoxins  may  be  used.  Ethanol  has 
proved  to  be  an  ideal  solvent  in  this  assay  since  the 
dose-response  curve  is  the  same  as  that  obtained  with 
propylene  glycol  and  it  produces  very  low  background 
toxicity  at  the  levels  used.  The  protocol  will  depend 
to  some  extent  on  the  sensitivity  of  the  particular 
egg  supply  to  the  specific  mycotoxin.  Under  the 
conditions  used  (19),  the  dose-response  curve  for 
anatoxin  Bi  covers  a  rather  narrow  range:  from  about 
0.10  ug.  per  egg,  which  produces  100  percent  mortal- 
ity, to  0.01  ug.  per  egg,  which  produces  no  effect,  at 
the  21st  day.  A  dose-response  curve  for  anatoxin  toxic- 
ity is  given  in  figure  2.  This  figure  compares  the  re- 
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PERCSNT  MORTALITY 

Figure  2.— Toxicity  of  aflatoxin  Bi  in  the  chicken  embryo: 
mortality  at  21  days.  LDso:  yolk,  0.048  pg.;  air  coll  0.025  Mg. 
Open  circles:  yolk  injection.  Closed  circles:  air  ceil  injec- 
tion. From  Verrett  et  al.  (1964)  J.  Assoc.  Offlc.  Anal.  Chem- 
ists 47 : 1 00 3-1 006. 


suits  of  both  the  yolk  and  air  cell  injection  routes. 

The  number  of  eggs  used  per  level  and  the  number 
of  dose  levels  for  a  test  sample  may  be  smaller  than 
indicated  in  table  2  if  sufficient  material  is  not  avail- 
able. All  levels  corresponding  to  those  used  for  the 
unknown  should  be  included  when  a  new  standard  is 
employed,  when  a  new  supply  of  solvent  is  obtained, 
or  when  the  eggs  come  from  a  new  flock.  These  levels 
are  marked  with  an  asterisk  on  table  2.  A  sufficient 
number  of  noninjected  controls  should  always  be  in- 
cluded to  check  on  the  fertility  and  hatchability  of 
the  eggs  used,  and  as  a  monitor  of  the  incubator  condi- 
tions. 

After  injection  the  eggs  are  allowed  to  remain  un- 
disturbed in  a  vertical  position  with  the  air  cell  up  for 
about  an  hour  to  allow  the  material  to  disperse.  The 
injected  eggs  are  then  put  into  incubator  trays  with 
the  large  end  up  and  the  trays  are  placed  into  a 
forced-draft  incubator,  which  automatically  rotates 
hourly  and  is  maintained  at  an  optimum  temperature 
of  38°  C.  and  a  relative  humidity  of  60  percent  (13). 

The  eggs  are  candled  daily  from  the  fourth  incuba- 
tion day  on,  at  which  time  all  nonviable  embryos  are 
removed.  The  evaluation  is  based  on  the  mortality  at 
21  days,  although  mortality  with  eggs  receiving  higher 
levels  of  anatoxin  (0.05ug./egg  or  greater)  is  seen 
as  early  as  the  fourth  day  after  incubation.  Over  500 
samples  have  been  examined  for  aflatoxin  contamina- 
tion using  this  method.  Its  correlation  with  chemical 
assays  is  excellent. 

In  addition  to  toxicity,  aflatoxin  severely  retards 
growth,  an  effect  readily  observed  in  embryos  10 
days  old  or  older.  The  embryos  also  undergo  consid- 
erable hemorrhaging  and  generalized  edema.  When 
crude  ochratoxin  is  administered,  preliminary  obser- 
vations show  that  all  embryos  have  malformed  beaks 
ranging  from  a  cleft  palate  to  complete  absence  of 
the  beak.  The  eyes  may  be  absent  or  greatly  reduced 
in  size  if  the  upper  beak  is  absent.  Preliminary  studies 
with  crude  extracts  of  Fusarium  tricinctum  have  demon- 
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stratcd  a  toxicity  to  the  embryos  comparable  to  that 
of  afla toxin  Bi. 

Ducklings.— The  use  of  day-old  ducklings,  com- 
bined with  chemical  identification  of  aflatoxin,  is 
probably  one  of  the  most  widely  used  and  accepted 
confirmatory  procedures  for  aflatoxin  identification 
{11a).  The  two  factors  contributing  to  the  widespread 
use  of  the  test  are  sensitivity  to  aflatoxin  injury  and 
the  almost  immediate  induction  of  bile  duct  prolifera- 
tion. The  relatively  specific  response  of  bile  duct  pro- 
liferation,  which  can  be  found  a  few  days  after  a 
single  dose  of  aflatoxin,  can  be  said  to  make  the  assay 
unique. 

The  Peking  white  duckling  has  generally  been  re- 
garded as  the  variety  of  choice  and  the  assay  uses 
day-old  ducklings  weighing  approximately  50  g.  A 
semisynthetic  diet  is  used  rather  than  a  commercial 
preparation.  The  toxin  can  be  administered  either  as 
a  single  dose  or  over  a  5-day  period.  Propylene  glycol 
is  the  vehicle  most  frequently  used  for  aflatoxin  for- 
mulations. The  results  should  include  both  the  acute 
LDso  and  measurement  of  the  bile-duct  proliferation. 

The  lethal  effects  of  aflatoxin  to  day-old  ducklings 
are  usually  seen  within  the  first  72  hours  after  ad- 
ministration, although  a  6-  to  7-day  period  may  be 
essential  to  determine  the  absolute  endpoint.  The 
single-dose  LDso  for  day-old  ducklings  has  been  re- 
ported by  various  authors  to  be  0.36  to  1.0  mg.  per 
kg.  body  weight.  The  order  of  toxicity  of  the  afla- 
toxins  is  given  in  table  3  (10a).  The  reduction  in 
toxicity  averages  a  factor  of  about  4.5  between  Bi  and 
B2,  and  Gi  and  Go.  The  average  factor  for  the  re- 
duction in  toxicity  between  Bi  and  Gi,  and  B2  and 
G2  is  2.0.  Aflatoxin  Mi  is  of  the  same  order  of  toxicity 
as  Bi  and  a  fourfold  decrease  in  toxicity  occurs  in 
the  case  of  M2. 

Acute  bile  duct  proliferation  reaches  a  maximum 
in  3  days,  and  then  regresses  with  subsequent  repair 
of  the  liver  parenchyma  (4).  A  bile  duct  hyperplasia 
score  is  presented  in  table  4  comparing  aflatoxins  Bi, 
Ba,  and  Gi  (10a).  The  evaluation  of  toxicity  is  by 


Oral— 7-day  LDt0* 


Aflatoxin  g. 


B,   18.2 

Mi    16.6 

Gi   39.2 

M»   62.0 

B,   84.4 

Ga   172.5 


■From  Kraybill,  H.  F.  (in  proas)  presented  at  Session  on  Toxicologic*: 
Problems  in  Agriculture  and  Industry  at  International  Seminar  on  Occupa- 
tional Health  Problems  in  Developing  Countries,  Lagos,  Nigeria,  Apr.  1  fi, 
19fl». 

•Administered  to  day-old  (50  g.)  ducklings. 


Tabl«  4.— Bile  duct  hyperplasia  response  to  crystalline 
anatoxins  in  ducklings  (7-  to  8-day  assay) 


Average  bile 


duct  hyper-  Bi  B»  Gi 

plasia  score'         >*./day«  **g./day»  Mg./day' 


0   _    0.78 

6    1.56 

10                  0.39    3.13 

16                  0.78                1 0.0  6.25 

20                                        16.0  12.50 

30                  1.56               40.0  25.00 


'From  Kraybill,  H.  F.  (tn  prosa)  presented  at  Session  on  Toxicologies] 
Problems  in  Agriculture  and  Industry  at  International  Seminar  on  Occupa- 
tional Health  Problem*  in  Developing  Countries,  Lagos,  Nigeria,  Apr.  1-6, 
1968. 

'Individual  tissues  scored  on  a  seals  of  0  to  4  4-  (x  10),  6  animals  per 
group,  no  mortalities. 

'Administered  orally  for  5  consecutive  days  in  0.1  ml.  propylene  glycol. 

histologic  examination  of  the  liver.  The  relative  order 
of  response  in  terms  of  the  index  is  Bi>Gi>B2, 
which  compares  with  the  single  dose  oral  LD6o  or  the 
7  day  oral  LD50  values  reported  elsewhere.  The  duck- 
ling test  with  its  relatively  specific  response  in  a  com- 
paratively short  period  of  time  has  become  the  assay 
of  choice  in  many  laboratories. 

Marine  borer,— Another  method  which  has  re- 
ceived attention  involves  the  response  of  fertilized  eggs 
of  the  mollusc,  Bankia  setaceae  (Tryon)  to  aflatoxin  (18). 
This  response  is  very  dramatic  and  positive  in  that 
aflatoxin  Bi  inhibits  cell  cleavage  in  fertilized  mollusc 
eggs  without  preventing  fertilization  or  nuclear  divi- 
sion. This  test  does  not  require  extensive  research 
equipment,  sterile  techniques,  or  highly  trained  per- 
sonnel. 

Eggs  and  sperm  are  removed  by  dissection  from 
the  respective  gonadal  tissues  of  the  adult  marine 
borer,  Bankia  setaceae.  The  eggs  and  sperm  are  mixed 
in  sea  water  and  an  aliquot  of  the  suspension  is  placed 
into  the  sea  water  containing  aflatoxin.  The  aflatoxin 
is  added  to  sea  water  as  a  propylene  glycol  solution 
and  the  mixture  is  incubated  at  10°  to  20°  C.  The 
normal  fertilized  egg  develops  into  the  two-celled  stage 
in  about  2  hours.  The  multicellular  stage  develops  in 
3  to  4  hours  and  the  trochophore,  or  free-swimming 
stage,  requires  about  18  hours.  The  presence  of  afla- 
toxin in  the  range  of  0.05  to  40  fig.  per  milliliter 
inhibits  the  formation  of  cell  walls  but  not  the  divi- 
sion of  nuclei.  The  resultant  effect  of  aflatoxin  after  3 
to  5  hours  of  incubation  is  a  single  cell  containing 
several  nuclei,  whereas  the  control  has  developed  two 
or  more  cells.  At  low  concentrations  (0.05  itg.  afla- 
toxin per  milliliter),  a  few  fertilized  eggs  undergo  cell 
division.  However,  the  development  of  larvae  ceases 
before  reaching  the  trochophore  stage. 

The  presence  or  absence  of  the  swimming  larval 
state  can  be  used  as  an  indicator.  Many  eggs  can  be 
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observed  at  one  time  in  a  very  small  volume  of  sea 
water.  For  this  observation  a  concentration  of  only 
0.005  Mg-  anatoxin  per  m1-  of  solution  is  necessary.  If  a 
low-powered  microscope  (70X)  is  used  for  making 
the  observations  on  cell  division,  a  concentration  of 
0.05  Mg-  aflatoxin  per  m1-  of  solution  is  required. 

Zebra  fish. — The  zebra  fish,  Brachydanio  rerio,  has 
also  been  proposed  as  a  bioassay  test  organism  (1). 
The  eggs  of  this  species  will  produce  larvae  in  3 
to  4  days  at  room  temperature.  Because  the  eggs  are 
transparent  the  progress  of  normal  or  abnormal  de- 
velopment is  easily  observed  under  test  conditions. 
The  eggs  are  obtained  during  the  evening  by  sepa- 
rating gravid  females  and  twice  the  number  of  males. 
These  are  placed  into  special  breeding  traps  with  a 
10-mesh  screen  floor  hooked  on  the  walls  of  an  aquar- 
ium set  aside  for  breeding.  Underneath  the  traps,  on 
the  aquarium  floor,  finger  bowls  are  provided  for  the 
collection  of  eggs.  The  female  fish  drop  their  eggs 
within  about  30  minutes  early  in  the  morning.  The 
bowls  are  then  removed  and  the  eggs  are  separated 
from  fecal  matter  and  debris.  The  eggs  are  placed 
into  Petri  dishes  with  distilled  water  and  allowed  to 
develop.  After  3  to  4  days  the  larvae  hatch  out  with 
considerable  embryonic  yolk  and  need  no  feeding  or 
special  care  before  being  used. 

Small  glass  planchets  are  used  as  test  containers 
with  29  to  30  test  organisms  per  2  ml.  test  solution 
per  container.  The  test  solution  is  prepared  by  dis- 
solving 5  Mg-  of  the  toxin  in  0.04  ml.  of  acetone  and 
diluting  to  5  ml.  with  distilled  water.  Lower  concen- 
trations are  prepared  by  further  dilution  with  water 
containing  0.8  percent  acetone.  The  0.8  percent  ace- 
tone is  harmless  to  the  test  organisms. 

The  larvae  show  abnormal  movements  within  about 
30  minutes  after  exposure  to  1  Mg-/ml.  and  become 
moribund  in  5  to  6  hours.  The  color  of  the  yolk 
sphere  darkens  slighdy  and  a  kink  appears  in  the 
larval  tail  after  20  hours.  The  larvae  die  in  24  to  36 
hours.  The  yolk  sphere  is  cither  ruptured  or  com- 
pletely dislodged  before  death. 

Conclusions 

The  bioassay  methods  described  are  some  of  those 
most  frequently  used  as  confirmatory  tests  following 
chemical  identification  of  anatoxins.  In  this  type  of 
test,  the  ease  and  speed  of  conducting  an  assay  that 
gives  a  biological  response  to  the  presence  of  a  myco- 
toxin  is  important.  It  is  desirable  that  such  a  test  be 
as  rapid  as  possible  and  not  require  extensive  equip- 
ment or  highly  trained  personnel. 

The  bacterial  zone  inhibition  test  and  the  brine 
shrimp  test  are  rapid  and  easy  to  perform.  The  B. 
megalerium  test  can  give  results  in  as  litdc  as  15  to  18 
hours  at  the  1  Mg-  level,  and  detection  is  possible  as 


early  as  7  hours  after  incubation.  The  brine  shrimp 
test  gives  positive  results  at  the  same  level  in  24 
hours.  The  larvae  of  the  zebra  fish,  Brachydanio  rerio, 
are  reported  to  give  an  observable  response  to  1  Mg- 
per  ml.  of  aflatoxin  Bi  within  30  minutes,  but  col- 
lecting eggs  and  maintaining  a  living  culture  of  ani- 
mals present  problems.  The  multinucleated  stage  of 
the  fertilized  egg  of  the  marine  borer,  Bankia  setaceae, 
can  be  observed  within  3  to  5  hours  at  0.05  Mg- 
aflatoxin  per  milliliter.  The  marine  borer,  however, 
is  not  commonly  available  as  a  test  organism  {18). 

The  chicken  embryo  bioassay  utilizing  the  air  cell 
injection  route  is  the  most  sensitive  testing  procedure. 
The  complete  assay  requires  21  days,  although  a  pos- 
itive response  and  hence  confirmation  of  toxicity  is 
observed  at  4  days  with  the  higher  dose  levels. 

Although  it  is  necessary  to  use  considerably  larger 
quantities  of  aflatoxin  for  the  test  with  day-old  duck- 
lings, the  response  of  bile  duct  proliferation  within  3 
days  is  said  to  be  a  specific  indication  of  aflatoxin 
toxicity.  The  multinucleated  stage  of  the  fertilized  egg 
of  the  marine  borer  is  considered  by  some  also  to  be 
a  specific  response  to  aflatoxin.  Similar  interference  by 
aflatoxin  with  the  mechanism  of  cell  division  in  other 
types  of  cells,  such  as  B.  megaterium,  probably  is  related 
(6*,  11,  12,  21).  The  malformation  of  the  beak  in  the 
chicken  embryo  possibly  may  be  a  specific  indicator 
of  crude  ochratoxin  toxicity. 

The  quantities  of  aflatoxin  necessary  for  a  confirm- 
atory test  are  an  important  consideration  because  the 
supply  of  aflatoxin  may  be  limited.  Therefore,  the 
quantity  required  for  such  a  test  must  be  maintained 
within  practical  limits.  Extraction  of  10  fig.  of  afla- 
toxin from  a  sample  is  considered  to  be  within  the 
practical  limits.  One  Mg-  of  this  amount  is  used  for 
chemical  assay.  The  remainder  can  be  used  for  bio- 
assay. 

A  confirmatory  brine  shrimp  test  covering  the  0.5, 
1.0,  and  2.0  itg./ml.  levels  in  assay  medium  can  be 
performed  with  less  than  2.0  Mg.  of  aflatoxin  because 
this  test  can  be  conducted  in  only  0.5  ml.  of  sea 
water.  Such  a  test  utilizing  B.  megaUrium  and  zone 
inhibition  can  be  carried  out  with  5.5  Mg-  of  aflatoxin 
to  supply  two  1.5  Mg-  disks  and  one  2.5  Mg-  disk.  A 
routine  chicken  embryo  test  usually  is  conducted  with 
7  to  9  Mg-  of  aflatoxin  but  an  assay  can  be  carried  out 
with  as  little  as  1  Mg-  (0.1  Mg-/cgg.  in  10  eggs).  Al- 
though the  marine  borer  bioassay  gives  positive  re- 
sults at  a  level  of  0.05  Mg.  aflatoxin  per  ml.,  no  total 
volume  is  specified  for  conducting  the  test.  Observa- 
tion of  the  swimming  larval  state  can  be  used  as  an 
indicator  at  0.005  Mg-  of  aflatoxin  per  m1-  of  solution. 
Five  Mg-  of  aflatoxin  is  necessary  for  the  zebra  fish 
bioassay. 

The  development  of  mycotoxin  bioassay  has  been 
largely  devoted  to  aflatoxin.  The  discovery  of  addi- 
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tional  mycotoxins  has  made  it  important  to  apply 
these  methods  to  other  mycotoxins.  Aflatoxins  B2, 
Gi,  G2,  Mi,  and  M2  have  all  undergone  some  testing 
together  with  aspertoxin,  ochratoxin,  patulin,  and  the 
mycotoxin  produced  by  Fusarium  tricinctum.  All  of  these 
compounds  have  been  tested  with  the  chicken  em- 
bryo and  have  elicited  a  toxic  response.  The  duckling 
has  been  tested  against  most  of  the  aflatoxins.  B. 
megaterium  provides  an  effective  test  against  highly 
purified  aflatoxin  Bi,  mixtures  of  Bi  and  Gj,  crude 
aflatoxin,  70  percent  pure  ochratoxin  A,  crude  ochra- 
toxin, crude  extracts  from  Fusarium  tricinctum  and 
Chaetomium  globosum,  and  patulin.  The  brine  shrimp 
has  been  tested  effectively  against  highly  purified  afla- 
toxin Bi,  ochratoxin,  and  crude  extract  from  Fusarium 
truwetutn. 

The  estimation  of  relative  potency  by  bioassay 
generally  is  less  precise  than  a  quantitative  determina- 
tion by  chemical  assay  (7).  Biological  assay  is  impor- 
tant, however,  because  these  tests  can  use  crude 
extracts  of  mycotoxins  or  compounds  of  unknown 
chemical  identification. 

A  number  of  bioassay  methods  have  not  been  de- 
scribed. This  is  not  meant  to  imply  that  these  are  not 
effective  methods.  Many  methods  require  highly  spe- 
cialized procedures  and  equipment  or  greater  lengths 
of  time,  and  as  such,  are  not  practical  for  routine  use 
as  confirmatory  tests  for  chemical  assays  of  myco- 
toxins. 
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Summary 

Effect  of  aflatoxin  Bi  on  the  synchronized  cultures 
of  C3H2K  cells  was  investigated.  The  synchroniza- 
tion was  based  on  the  density  dependent  inhibition 
of  the  cell  growth  and  the  induction  of  cell  replication 
by  a  change  of  medium.  Aflatoxin  Bi  inhibited  both 
DNA  synthesis  and  mitosis.  At  a  concentration  of 
1.0  fig./ml.  of  aflatoxin  Bi,  no  mitosis  occurred.  The 
maximum  incorporation  of  3H-thymidine  was  about 
50  percent  of  the  control,  although  DNA  synthesis 
occurred  in  a  synchronized  fashion  and  no  delay  of 
DNA  synthesis  was  observed.  At  lower  concentra- 
tions, 0.008  or  0.04  Mg./ml.  only  the  delay  of  the 
mitosis  was  observed.  RNA  synthesis  was  not  as 
severely  inhibited  by  the  toxin  as  it  was  by  actino- 
mycin  D. 

Introduction 

The  development  of  an  assay  system  is  essential  for 
the  screening  as  well  as  for  the  analysis  of  any  anti- 
metabolite. As  an  assay  system,  the  tissue  culture  cell 
system  is  one  of  the  convenient  ones,  since  usually  it 
requires  a  shorter  period  of  time  and  is  less  expensive 
than  assay  in  vivo.  However,  as  long  as  the  assay  is 
based  on  cytopathic  effects  or  other  nonspecific 
changes  of  the  cells,  such  an  assay  can  hardly  be 
regarded  as  specific.  In  this  respect,  application  of 
synchronized  cultures  as  an  assay  system  should  be  of 
great  value,  since  it  makes  it  possible  to  examine  the 
effects  of  a  given  antimetabolite  upon  individual 
stages  of  the  cell  cycle.  Inhibition  of  mitosis  may  be 
the  consequence  of  the  inhibition  of  metabolic  events 
in  the  preceding  G2,  S,  or  Gi  periods,  or  due  to 
primary  inhibition  of  induction  of  mitosis.  In  unsyn- 
chronized  cultures,  analysis  of  this  kind  is  not  always 
easy.  To  give  another  instance,  RNA  synthesis  is  not 
uniform  during  the  whole  cell  cycle.  Each  RNA  syn- 
thesized at  each  stage  of  the  cell  cycle  is  different 
from  all  others,  quantitatively  and  possibly  qualita- 
tively. Synchronized  culture  facilitate  analysis  of  the 
effect  of  an  antimetabolite  upon  each  type  of  RNA 
synthesis. 


One  of  the  authors  and  his  associates  developed 
synchronized  culture  of  a  mouse  cell  line,  the  C3H2K 
cell  line  {15,  16).  The  cells  originated  from  the  kidney 
tissues  of  a  newborn  C3H/He  mouse  and  possess  prop- 
erties quite  similar  to  those  of  3T3  cells  {14).  The 
cells  were  sensitive  to  density  dependent  inhibition  of 
cell  growth  {13).  The  cells  stopped  growing  at  a  low 
cell  density  in  the  Gi  phase,  and  after  a  change  of 
medium,  all  the  cells  divided  in  a  synchronized  fashion 
only  once. 

This  report  deals  with  the  preliminary  experiments 
on  assay  of  aflatoxin  Bi  in  the  synchronized  culture 
and  analysis  of  the  action  of  the  toxin  upon  the  cell 
cycle. 

Materials  and  Methods 

Cell  culture.— C3H2K  cells  originating  from  the 
kidney  tissues  of  a  newborn  C3H/He  mouse  were 
used.  The  culture  medium  consisted  of  eight  parts 
Eagle's  minimal  essential  medium,  one  part  calf  serum 
and  one  part  tryptose  phosphate  broth.  The  cells 
were  subcultured  when  they  became  confluent. 

Estimation  of  DNA  and  RNA  synthesis.— C3H2K 
cells  were  suspended  in  the  culture  medium  in  the 
concentration  of  5  x  105  cells/nil.  The  cell  suspension, 
in  an  amount  of  0.2  ml.,  was  mounted  on  18-mm. 
round  coverslips  and  placed  in  60  mm.  petri  dishes. 
After  incubation  overnight,  4  ml.  of  culture  medium 
was  added  to  each  petri  dish.  The  culture  medium 
was  replaced  with  fresh  medium  7  to  10  days  later. 
To  estimate  the  DNA  synthesis,  3H-thymidine  (0.25 
nG./ml.)  was  added  to  one  of  the  petri  dishes  contain- 
ing two  coverslips.  Thirty  minutes  later,  the  incorpora- 
tion was  stopped  by  fixing  the  cells  with  a  solution 
consisting  of  three  parts  ethanol  and  one  part  of  acetic 
acid,  followed  by  extraction  with  2  percent  perchloric 
acid  for  20  minutes  at  4°  C.  and  washing  in  running 
water  for  30  minutes.  The  coverslips  placed  in  plan- 
chets  were  dried  in  the  air  and  directly  set  in  a 
window-less,  gas-flow  counter. 

To  estimate  the  RNA  synthesis,  3H-uridine  (0.25 
MC./ml.)  was  incorporated  for  30  minutes  in  the 
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presence  of  about  thousandfold  molecular  excess  of 
cold  thymidine.  The  procedures  which  followed  were 
the  same  as  those  described  above  for  estimating  the 
DNA  synthesis. 

Estimation  of  mitotic  cell  population.— When  the 
medium  was  replaced  with  fresh  medium  in  the  sta- 
tionary phase,  refractile  cells  in  mitosis  appeared  in  a 
synchronized  fashion.  Such  refractile  cells  in  a  fixed 
area  (0.2  x  2.0  cm.)  were  counted  under  the  inverted 
microscope  at  intervals.  Dumbbell-shaped  cells  in  the 
telophase  were  counted  as  one.  Of  course,  this  method 
is  but  a  gross  estimation  of  mitotic  activity*  of  the 
cells.  For  the  more  accurate  analysis,  cells  from  late 
prophase  to  late  telophase  in  the  stained  preparation 
were  counted.  However,  for  the  usual  assay,  the  for- 
mer method  was  performed  because  of  its  simplicity. 

Estimation  of  cell  growth. — Fifty  thousand  C3H2K 
cells  were  seeded  into  each  tube  with  a  square  bottom 
of  2  x  4  cm.2.  At  intervals,  the  cultures  in  two  tubes 
were  trypsinized  and  the  cell  numbers  were  counted. 
The  doubling  time  of  the  cells  in  the  logarithmic 
phase  was  about  40  hours.  The  cells  stopped  growing 
at  a  cell  density  of  about  3.5  x  10*  cells  per  cm2.  On 
the  13th  day  of  incubation,  the  culture  fluid  was 
replaced  with  fresh  medium.  The  cell  number  doubled 
in  about  48  hours.  No  further  cell  division  occurred 
unless  the  medium  was  changed  again.  The  grade  of 
multiplication  was  calculated  by  dividing  number  of 
cells  at  72  hours,  after  the  change  of  medium,  by 
number  of  cells  before  the  change  of  medium. 

Preparation  of  aflatoxin  Bi. — Aflatoxin  Bi  was 
dissolved  into  distilled  water  by  shaking  at  room 
temperature  overnight.  The  concentration  of  the 
toxin  was  checked  before  the  experiments  and  was 
adjusted  to  10.0  >ig./ml. 

Results 

Sequence  of  DNA  and  RNA  synthesis  and  mito- 
sis.— The  sequence  of  DNA  and  RNA  synthesis 
and  that  of  mitosis  are  demonstrated  in  figure  1.  The 
DNA  synthesis  began  to  increase  at  about  10  hours 
and  reached  its  maximum  at  20  hours.  Mitosis  oc- 
curred about  10  hours  later  than  the  DNA  synthesis. 
Immediately  after  the  renewal  of  the  culture  medium, 
a  sharp  peak  of  3H-uridine  uptake  was  observed. 
There  was  another  peak  just  before  the  DNA  synthesis. 

Effect  of  aflatoxin  upon  synchronized  cell  divi- 
sion.— When  the  culture  fluid  was  replaced  with  fresh 
medium  containing  1.0  •ig./ml.  of  aflatoxin  Bj,  no  mi- 
tosis occurred  (fig.  2)  and  no  increase  in  cell  number 
(fig.  3)  resulted. 

At  this  concentration,  the  cells  remained  apparendy 
normal  for  several  days.  At  lower  concentrations  of 
aflatoxin  Bi,  0.008,  0.04  or  0.2  Mg/ml.,  the  delay 
of  mitosis  was  observed  (fig.  2).  At  concentrations 
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Figure  1.— Sequence  of  DNA  and  RNA  synthesis  and  mitosis 
I  culture  of  C3H2K  cells. 
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Figure  2.— Effect  of  aflatoxin  Bi  on  mitosis  O  Controls;  # 
0.038  m9->  O  0.04  „g.,  ■  0.2  m9->  B  1.0  M9-  aflatoxin  per 
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of  0.008  and  0.04  ng./ml.,  however,  the  grade  of 
multiplication  was  about  2;  i.e.,  all  the  cells  divided 
(fig.  3). 
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Figure  3.— Effect  of  aflatoxln  Bi  upon  the  dividing  cell 
population  after  change  of  medium. 

When  similar  experiments  were  performed  using 
actinomycin  D,  no  such  apparent  mitotic  delay  was 
observed  (fig.  4). 

Effect  of  aflatoxin  upon  DNA  and  RNA  syn- 
thesis.— When  the  culture  fluid  was  replaced  with 
fresh  medium  containing  1.0  pig. /ml.  of  aflatoxin  Bi, 
DNA  synthesis  was  inhibited  to  nearly  50  percent  of 
the  control  (fig.  5).  The  peak  of  DNA  synthesis  was 
at  20  hours  after  change  of  medium  both  in  aflatoxin 
Bi-containing  medium  and  in  the  control  medium. 

The  effect  of  aflatoxin  Bi  upon  RNA  synthesis  was 
not  so  marked  as  that  of  actinomycin  1)  (fig.  fi). 

200  r 
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Figure  4.— Effect  of  actinomycin  D  on  mitosis  O  control;  • 
0.0001  »g„  ■  0.001  ng.,  B  0.01  nq.  actinomycin  per  ml. 
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Figure  6.— Effect  of  aflatoxin  Bi  and  actinomycin  0  (AMD) 
on  RNA  synthesis. 


Discussion 

Our  preliminary  experiments  demonstrated  that 
aflatoxin  Bi  inhibited  DNA  synthesis  and  mitosis. 
RNA  synthesis  was  not  so  severely  inhibited  by  the 
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toxin  as  by  actinomycin  D.  At  a  concentration  of  1.0 
/ig. /ml.  of  aflatoxin  Bi,  the  maximum  incorporation 
of  3H-thymidine  was  about  50  percent  of  the  control, 
although  DNA  synthesis  occurred  in  a  synchronized 
fashion  and  no  delay  of  DNA  synthesis  was  observed. 
At  this  concentration,  however,  mitotic  activity  was 
completely  inhibited.  Thus,  the  delay  of  mitosis  was 
not  due  to  that  of  DNA  synthesis  but  due  to  the 
inhibition  of  the  cell  cycle  in  G2  or  onset  of  mitosis. 

Close  similarities  between  aflatoxin  and  actinomy- 
cin D  were  reported  by  many  authors  (/,  2,  3,  4,  6,  7, 
9,  11,  12).  In  our  system,  however,  the  inhibitory 
effect  of  aflatoxin  Bi  upon  RNA  synthesis  was  not  so 
marked. 

The  LD50  value  of  aflatoxin  Bi  and  that  of  ac- 
tinomycin D,  when  assayed  in  embryonated  chick 
eggs,  were  0.3  ftg.  per  egg  and  2.2  fig.  per  egg, 
respectively  (Aibara,  unpublished  data).  In  our  in 
vitro  system,  however,  the  minimum  concentration  of 
aflatoxin  inhibiting  cell  replication  and  that  of  ac- 
tinomycin D  were  0.2  ng./ml  and  0.001  jig./ml., 
respectively.  Thus,  on  the  weight  basis,  although 
the  effect  of  actinomycin  D  upon  C3H2K.  cells  was 
far  stronger  than  that  of  aflatoxin  Bi,  the  killing 
effect  of  actinomycin  D  upon  embryonated  chick  eggs 
was  almost  equal  to,  or  weaker  than  that  of  aflatoxin 
Bi.  These  data  suggest  that  the  mechanism  of  action 
of  aflatoxin  Bi  and  that  of  actinomycin  D  are  different 
from  each  other. 

Legator  {10)  demonstrated  that  DNA  synthesis  and 
mitosis  of  human  embryonic  lung  cells  were  inhibited 
by  aflatoxin  Bi.  Our  results  are  in  good  accord  with 
his  results.  Although  Gabliks  et  al.  (8),  and  Daniel 
(5),  reported  cytotoxic  effects  of  aflatoxin  in  cell  cul- 
tures, cytotoxicity  of  aflatoxin  Bi  in  C3H2K  cells  was 
not  so  pronounced. 
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ISOLATION  AND  QUANTITATIVE  ANALYSIS 

OF  FOUR  AFLATOXINS  (Bi,  B2,  Gi,  AND  Ga) 

BY  THIN-LAYER  AND  LIQUID  CHROMATOGRAPHY 

by  Masaru  Manabe,  Shinji  Matsuura,  *  and  Masahiro  Nakano 
Food  Research  Institute,  Ministry  of  Agriculture  and  Forestry,  Japan 


Summary 

Various  kinds  of  absorbent  and  solvent  were  ex- 
amined to  separate  four  aflatoxins  by  thin-layer  chro- 
matography. They  were  well  separated  from  each 
other  by  development  with  5  percent  acetone  in  chlo- 
roform, in  the  case  of  Silica  gel  G  (Merck)  as  adsorb- 
ent, and  also  with  1  to  3  percent  methanol  in 
chloroform,  in  the  case  of  Silica  gel  HR  (Merck). 

Liquid  chromatography  employing  various  kinds 
of  columns,  for  instance,  alumina,  silica  gel,  and  Sepha- 
dex  G-10,G-25  and  LH-20,were  examined.  Scphadcx 
G— 10  column  showed  good  result  for  the  mutual 
separation  of  four  aflatoxins.  Crude  aflatoxins  were 
dissolved  in  a  minimal  volume  of  methanol,  and 
placed  on  the  Sephadex  G—10  column,  which  was 
developed  and  eluted  with  1  percent  aqueous  metha- 
nol or  with  distilled  water.  The  first  fraction  was  a 
mixture  of  pigments,  and  then  aflatoxins  G2,  B2,  Gi, 
and  Bi  were  successively  eluted.  Furthermore,  the 
quantitative  analysis  of  10  /ig.  or  more  of  aflatoxin 
was  possible  by  this  chromatographic  method,  within 
10  percent  error. 

Introduction 

Numerous  reports  on  studies  on  aflatoxin  (AF)  have 
appeared  since  it  was  made  clear,  in  England,  in 
1960,  that  a  very  strong  carcinogenic  substance  was 
produced  by  a  strain  of  fungus  which  had  been  iden- 
tified as  Aspergillus  flavus.  In  some  reports,  methods 
are  described  for  the  separation  and  quantitative 
analysis  of  AF  by  thin-layer  chromatography  (TLC) 
and  liquid  chromatography  (LC).  In  TLC  generally, 
silica  gel  has  been  used  as  the  adsorbent  and  there 
are  many  examples  of  the  use  of  methanol-chloroform 
developers.  It  is  difficult,  however,  always  to  main- 
tain uniform  activity  of  the  silica  gel  thin  layer  and 
there  have  been  many  cases  in  which  separation  and 
quantitative  analysis  was  difficult  due  to  fluctuation 
in  the  Rf  of  the  four  kinds  of  AF  (Bj,  B2,  Gi,  and  G2) 
when  the  thin  layer  varied.  In  view  of  this,  the  au- 
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thors  sought  a  TLC  method  which  would  be  suitable 
for  mutual  separation  of  the  four  kinds  of  AF. 

With  regard  to  LC,  there  is  the  report  of  Shotwcll 
ct  al.  (6")  on  the  separation  and  refining  of  AF-Bi 
using  a  silicic  acid  column.  Stubblefield  et  al.  (7)  and 
Robertson  et  al.  (5)  recently  presented  methods  of 
separation  and  refining  of  four  AF's  using  silicic  acid 
and  silica  gel  columns.  Pigments  are  present  in  the 
crude  AF  mixture  extracted  from  the  samples  with 
solvent.  As  these  pigments  act  in  a  manner  similar  to 
AF  in  the  separation  and  purification  of  the  four 
kinds  of  AF,  it  was  necessary  to  carry  out  decoloriza- 
tion  treatment  beforehand.  Many  methods  for  re- 
moving coloring  matter  present  in  AF  have  been  re- 
ported {J,  2,  4)  but  these  had  the  defects  of  either 
complicated  operation  or  insufficient  dccolorization. 
The  authors  studied  methods  for  separation  of  the 
four  kinds  of  AF  by  LC  with  separation  of  the  ad- 
mixed coloring  matter,  and  a  method  was  developed. 
Also,  a  study  was  made  on  methods  for  separation, 
purification,  and  quantitative  analysis  of  the  four 
kinds  of  AF  using  LC. 

Materials  and  Methods 

Preparation  of  crude  AF  mixture.— The  crude 
AF  mixture  used  as  sample  was  prepared  by  culturing 
the  AF-producing  strain,  Aspergillus  flavus  ATCC 
15517.  A  mixture  of  100  parts  by  weight  of  cracked 
wheat  used  for  soy  sauce  fermentation  and  60  parts 
by  weight  of  water  was  used  as  the  culture  medium. 
Eighty  grams  of  the  culture  medium  was  placed  in 
a  500-ml.  Erlenmeyer  flask,  provided  with  a  sterilized 
cotton  plug,  sterilized,  and  the  aforementioned  strain 
was  inoculated  onto  the  medium  and  was  cultured 
for  1  week  at  30°  C.  After  the  culture  had  grown  out, 
it  was  sterilized  with  steam  at  100°  C.  for  1  hour  and 
the  AF  of  the  contents  extracted  with  chloroform  in 
a  large  Soxhlet  extractor.  The  extraction  liquid  was 
dried  with  anhydrous  sodium  sulfate,  filtered  to 
remove  sodium  sulfate,  concentrated  under  reduced 
pressure  at  40°  C.  A  precipitate  was  produced,  by- 
adding  to  the  extract,  10  times  its  volume  of  hcxane, 
and  collected  by  centrifugation.  The  precipitate  was 

23 


Digitized  by  Google 


24 


PROCEEDINGS,  FIRST  U.S.-JAPAN  CONFERENCE  ON  TOXIC  MICRO-ORGANISMS 


then  dissolved  in  a  small  quantity  of  chloroform, 
added  to  a  20  x  200  mm.  silica  gel  column  and 
eluted  with  chloroform-methanol  (99:1).  The  eluted 
AF  portion  was  collected,  concentrated  under  reduced 
pressure  again,  and  the  substance  which  was  reprecip- 
itated  with  hexane  was  used  in  the  chromatographic 
tests  as  the  crude  AF  mixture. 

TLC  of  AF. — Adsorbents  were  Aluminum  oxide 
G  (Merck),  containing  about  15  percent  of  calcium 
sulfate;  Silica  gel  G  (Merck),  containing  about  13 
percent  of  calcium  sulfate;  Silica  gel  HR  (Merck), 
silica  gel  only.  Developers  were  chloroform,  metha- 
nol, ethanol,  acetone,  benzene,  hexane,  ethyl  acetate, 
butanol,  etc.,  and  the  ascending  technique  was  the 
method  of  development. 

LC  of  AF.— Carriers  employed  were  aluminum 
oxide  (Merck),  silica  gel  (Mallinckrodt)  and  Sepha- 
dex  G-10,  G-25,  LH-20  (Pharmacia  Fine  Chemicals). 
Eluants  used  were  chloroform,  methanol,  ethanol, 
acetone,  ethyl  acetate,  pure  water,  etc.  The  chromat- 
ograph  column  dimensions  were  of  sizes,  8  x  500 
mm.,  10  x  300  mm.,  and  15  x  300  mm. 


Results  and  Discussion 

TLC  of  AF  with  aluminum  oxide  G  (8). — Meth- 
anol-chloroform  developers  were  investigated  but 
keeping  the  degree  of  activity  of  the  thin-layer  con- 
stant was  more  difficult  than  in  case  of  silica  gel  and 
also  separation  was  not  satisfactory. 

TLC  of  AF  with  silica  gel  C— There  are  nu- 
merous reports  on  the  use  of  silica  gel  thin  layer  (J, 
2,  3,  5)  and  generally  mcthanol-chloroform  devel- 
opers have  been  used.  The  results  of  our  investigation 
on  separation  using  silica  gel  G  as  thin  layer,  con- 
taining about  13  percent  of  calcium  sulfate,  and 
employing  methanol-chloroform  as  the  developer  with 
varying  methanol  concentrations,  arc  shown  in  figure 
1 .  The  mutual  separation  of  the  four  kinds  of  AF  was 
good  when  the  methanol  concentration  was  about  3 
percent.  However,  the  separation  of  AF-Bi  and  Ba, 
and  AF-Gi  and  Ga  were  unsatisfactory  depending  on 
the  activity  condition  of  the  thin  layer  and  there  were 
many  cases  in  which  Bi  and  B2,  and  Gi  and  G2 
appeared  at  the  same  spot.  In  view  of  this,  an  attempt 
was  made  to  find  developers  which  were  more  suita- 
ble for  the  separation.  Acetone-chloroform  was  found 
to  be  satisfactory.  The  change  in  the  separation  when 
the  acetone  concentration  was  varied  is  shown  in 
figure  2.  The  separation  of  Bi  and  B2  was  good  with 
an  acetone-chloroform  developer  and  particularly  at 
an  acetone  concentration  of  5  to  10  percent.  The 
separation  of  B2  and  G]  was  poorer  than  in  case  of 
methanol-choloroform  developers  but,  from  the  over- 
all point  of  view,  better  separations  were  obtained  by- 


use  of  acetone-chloroform  than  by  use  of  methanol- 
chloroform. 
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Figure  1— TLC  chromatogram  of  af  la  toxin  mix;  adeorbent: 
Silica  gel  G;  developer:  Methanol-chloroform. 
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2.— TLC  chromatogram  of  aflatoxin  mix; 
Silica  gel  G;  developer:  Acotono-chloroform 
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TLC  of  AF  with  silica  gel  HR.-As  Silica  gel  G 
contains  about  13  percent  calcium  sulfate,  a  study  was 
carried  out  on  Silica  gel  HR  which  does  not  con- 
tain any  calcium  sulfate  being  composed  only  of  silica 
gel.  This  comparison  was  made  in  order  to  find  out 
what  effect  calcium  sulfate  had  on  the  separations.  A 
test  was  carried  out  on  this  thin  layer  using  methanol- 
chlorofonn  and  acetone-chloroform  developers  and  it 
was  found  that  good  separation  of  the  four  kinds  of 
AF  was  obtained  with  methanol-chloroform.  A  com- 
parison of  Silica  gel  HR  and  Silica  gel  G  is  shown 
in  figure  3.  It  is  clear  from  this  that  good  separation 
was  obtained  with  acetone-cldoroform  developer  in 
case  of  Silica  gel  G  thin  layer  and  with  methanol- 
chloroform  in  case  of  Silica  gel  HR. 
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Figure  3.— TLC  chromatogram  of  aflatoxin  mix:  (1)3  per- 
cent methanol  in  chloroform;  (2)  5  percent  acetone  in  chlo- 
roform; (3)  3  percent  methanol  in  chloroform;  (4)  5 
percent  acetone  in  chloroform. 

LC  of  AF,  aluminum  oxide.— When  a  crude  AF 
mixture  is  added  to  an  aluminum  oxide  column  and 
extracted  with  a  chloroform  solvent  containing  1  per- 
cent methanol,  AF-Gi  and  G2  are  absorbed  by  the 
column  and  only  AF-Bi  and  B2  arc  elutcd  selectively. 
Methanol  and  ethanol,  which  are  strong  elution  agents, 
were  tested  for  elution  of  AF-Gj  and  G2  but  they 


could  not  be  eluted.  This  colunm  had  the  character- 
istic of  eluting  only  AF-Bi  and  B2;  the  separation  of 
the  four  kinds  of  AF  was  inefficient;  also  the  pig- 
ments mixed  in  the  crude  AF  mixture  could  not  be 
removed. 

LC  of  AF  on  silica  gel.— The  experiment  em- 
ployed 100-mesh  silica  gel  and  methanol-chloroform 
or  acetone-chloroform,  which  had  been  used  in  TLC, 
as  the  developers.  When  lnethanol-chloroform  was 
used,  separation  of  the  four  kinds  of  AF  was  not 
possible  since  they  were  elutcd  together  when  the 
methanol  concentration  was  over  2  percent.  Separa- 
tion of  the  four  kinds  of  AF  was  observed  when  the 
methanol  content  was  below  1  percent  but  pigments 
could  not  be  removed.  In  the  case  of  acetone-chlon>- 
form,  good  separation  was  indicated  with  the  acetone 
concentration  at  5  percent  but  the  pigments  could 
not  be  separated  from  the  AF.  When  carrying  out 
elution  with  this  5  percent  acetone  concentration, 
the  silica  gel  was  packed  in  the  chrornatograph  tube 
with  an  elution  agent  saturated  with  water  so  that 
the  column  contained  some  moisture.  In  the  separa- 
tion with  this  colunm,  first  AF-Bi  was  eluted  followed 
by  B2,  Gi,  and  Ga.  Separation  was  better,  the  slower 
the  rate  of  elution,  and  the  AF  layer  became  disturbed 
and  separation  was  inefficient,  if  elution  was  carried 
out  under  pressure  using  a  micro-pump.  Elution  was 
carried  out  with  descending  solvent  at  the  rate  of  15 
ml.  per  hour  and  the  results  of  measurements  by- 
absorption  at  363  m/x,  of  15  ml.  fractions,  are  shown 
in  figure  4.  The  defect  of  the  silica  gel  column  is  that 
it  was  difficult  to  maintain  the  activity  of  the  silica 
gel  constant.  There  were  cases  in  which  separation 
was  inefficient  depending  on  the  column,  thus  it  had 
poor  reproducibility.  Also,  in  case  of  AF-Bi,  fluores- 
cence became  weaker  as  it  advanced  tlirough  the 
column  and  consequently,  it  appeared  that  it  changed 
gradually  in  the  column.  We  consider  this  silica  gel 
column  not  to  be  suitable  for  separation  and  purifica- 
tion. 

LC  of  AF  on  Sephadex. — As  the  molecular 
weights  of  the  four  kinds  of  AF  range  from  312  to 
330,  a  study  was  carried  out  with  Sephadex  G— 10 
which  has  the  finest  network  among  Scphadcxes  used 
for  gel  filtration.  Sephadex  G-25,  which  has  a  coarser 
network  than  this,  and  Sephadex  LH-20,  which  can 
be  used  with  organic  solvents,  were  also  studied 
because  AF  is  very  soluble  in  organic  solvents. 

Sephadex  G-10  is  normally  used  with  aqueous  solu- 
tions but  since  the  crude  AF  mixture  is  difficultly 
soluble  in  water,  it  was  dissolved  in  methanol  for 
application  to  the  colunm.  Since  Sephadex  swollen 
with  water  shrinks  in  organic  solvent,  dry  Sephadex 
G-10  was  first  swollen  with  an  aqueous  1  percent 
methanol  solution  and  then  packed  in  the  chrornato- 
graph tube  and  equilibrated.  The  elution  liquid  was 
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Tube  No. 


C#*i  0  • 

•  -2  • 


A^  4  8  12  17 

mi  x . 

Atxjvs  :  Fractionation  of  Anatoxin  Mix,  on  a  8X500  *nm 

Column  of  Si  I  ico  eel . 

Eluant  :  5%  acetone  in  cnioroforrn 
Below  i  Cnromotooram  of  Fractionated  Anatoxin  on  TLC. 

Figure  4.— Above:  Fractionation  of  aflatoxln  mix  on  a 
8  x  500  mm.  column  of  silica  g«l;  eluant:  5  percent  ace- 
tone in  chloroform.  Below:  Chromatogram  of  fractionated 
aflatoxln  on  TLC. 

collected  in  fractions  of  4.5  ml.  each.  The  measure- 
ments of  absorption  of  363  rmi,  and  the  TLC  of 
absorption  peak  fractions  are  shown  in  figure  5.  The 
four  kinds  of  AF  were  mutually  separated  by  this 
method,  and  at  the  same  time,  the  pigments  were 
removed.  The  sequence  of  elution  was,  the  brown 
pigment  became  two  layers  and  was  eluted,  then 
AF-G2,  B2,  Gi,  and  Bi  were  eluted,  in  that  order. 
The  yellow  pigment  was  adsorbed  on  the  column 
and  was  not  eluted.  The  optimum  elution  rate  for 
the  separations  was  20  ml.  per  hour  and  it  was  also 
possible  to  employ  elution  under  pressure,  using  a 
pump. 

The  elution  liquid  composition  was  varied  in  order 
to  find  the  optimal  conditions  for  separation  through 
Sephadex  G-10  using  the  same  procedure  as  described 


3.- 


Z.  3 '      14  ,6     7—Ns-  34  49 

£bcv*  :  rroetiornKisn  3'  Afl«e«in  Mi«.  on  o  8XSOJ  mm  Col jt^  of 

Sapnodex  O-10.    Eluont  I  IN  moiwiol  xHut.on 
ft. ib.  :  Cframatatnm  o»  Froct.OMitw  Atlotoxm  TLC 

Figure  5.— Above:  Fractionation  of  aflatoxln  mix  on  a 
8  x  500  mm.  column  of  Sephadex  G-10;  eluant:  1  percent 
methanol  solution.  Below:  Chromatogram  of  fractionated 
aflatoxln  on  TLC. 

above.  Aqueous  50  percent  methanol  was  employed 
to  see  the  effect  of  increasing  the  concentration  of 
methanol;  0.05M  NaCl  solution  to  test  the  effect  of 
adding  a  solute;  0.1M  acetic  acid  solution  to  test  the 
effect  of  acidification;  and  pure  water  was  also  used. 
The  results  are  shown  in  figures  6  through  9. 

The  best  separation  of  the  four  kinds  of  AF  was 
obtained  when  pure  water  was  the  eluant,  while  clu- 
tions  with  the  other  solutions  was  inefficient.  In  view 
of  this,  the  separation  of  the  four  kinds  of  AF  by- 
aqueous  1  percent  methanol  solution  and  pure  water 
were  studied  by  measuring  the  elution  peaks  of  the 
four  kinds  of  AF,  automatically,  using  Japan  Elec- 
tric Co.'s  Universal  Spectrum  Analyzer,  and  distribu- 
tion coefficients  (Kd)  were  calculated.  According  to 
the  distribution  coefficients  (table  1),  the  separation 
of  the  four  kinds  of  AF  by  elution  with  pure  water 
was  best  but  not  too  different  from  1  percent  meth- 
anol. The  distribution  coefficients  of  AF  were  larger 
than  1  in  both  solvents,  from  which  it  can  be  seen 
that  the  adsorption  effect  is  larger  than  the  gel 
filtration  effect.  It  is  believed  that  good  separation 
obtained  with  Sephadex  G-10  was  due  to  the  follow- 
ing two  reasons. 

Firstly,  Sephadex  G-10  contains  some  carboxyl 
radicals,  although  the  quantity  is  very  small.  There- 
fore, the  adsorption  of  the  alkaline  radical  increases 
when  this  is  present  in  the  sample  if  water  is  used  as 
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Figure  6.—  Above:  Fractionation  of  aflatoxin  mix  on  a 
8  x  500  mm.  column  of  Sephadex  G-10;  eluant:  50  percent 
methanol  solution.  Below:  Chroma  tog  ram  of  fractionated 
aflatoxin  on  TLC. 


Figure  8. -Above:  Fractionation  of  aflatoxin  mix  on  a  8  x 
500  mm.  column  of  Sephadex  G-10;  eluant:  M/10  acetic 
acid  solution.  Below:  Chromatogram  of  fractionated  afla- 
toxin on  TLC. 
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Figure  7.— Above:  Fractionation  of  aflatoxin  mix  on  a  8  x 
500  mm.  column  of  Sephadex  G-10;  eluant:  M/20  NaCI 
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Figure  9.— Above:  Fractionation  of  aflatoxin  mix  on  a  8  x 
500  mm.  column  of  Sephadex  G-10;  eluant:  HxO.  Below: 
i  of  fractionated  aflatoxin  on  TLC. 
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Table  1.— Partition  coefficient  of  aflatoxin 
on  a  8  x  500  mm.  column  of  Sephadex  G-10 


Table  2. — Separation  and 


Kd  -  Vc  -  Vo/Vi 
Vo  :  8.8  ml.  (Hemoglobin). 


a     :  11.14g. 

:  1.0±0.1 
Ve  : 


Wr 


1  ml./g. 


Vi  -  a    Wr  -  11.14  ml. 


1.  Developer:  1%  methanol  in  HjO 

B,  203  ml.  Kd  =  17.5 

B,    80  ml.  Kd  =  6.4 

G,  147  ml.  Kd  =  12.5 

G,    63  ml.  Kd  =  4.9 

2.  Developer:  H»0 

B,  224  ml.  Kd  =  19.2 

B,    93  ml.  Kd  =  7.5 

Gi  168  ml.  Kd  =  14.3 

G,    75  ml.  Kd  =  5.9 


the  elution  solution,  while  adsorption  is  less  for  acidic 
radicals.  In  view  of  this  characteristic,  AF— B2  and  G2 
which  are  the  dihydro  forms  of  AF-Bi  and  Gi  elute 
faster  than  AF-Bi  and  Gi.  Secondly,  Sephadex  G-10 
adsorbs  aromatic  compounds  reversibly.  In  view  of 
this,  AF  which  has  a  coumarin  nucleus  has  a  distribu- 
tion coefficient  larger  than  1  because  it  receives  the 
adsorption  effect  but,  at  the  same  time,  it  receives 
the  gel  filtration  effect.  Conscqucndy,  the  G  group 
elutes  faster  than  the  B  group  because  the  structures 
of  AF-Gi  and  AF-G2  are  larger  than  those  of  AF-Bi 
and  AF-B2,  respectively,  since  they  contain  one  oxy- 
gen atom  in  excess.  Other  factors  other  than  the 
above  can  be  considered  but  it  is  felt  that  the  order 
of  elution  (G2,  B2,  Gi,  and  Bi)  is  adequately  ac- 
counted for  by  these  two  reasons. 

Elution  with  Sephadex  G-25  was  carried  out  with 
pure  water  since  good  separation  had  been  effected 
with  the  G-10  gel,  but  separation  was  unsatisfactory 
as  the  four  kinds  of  AF  were  eluted  together  and 
separation  of  the  pigment  was  inefficient.  With  regard 
to  Sephadex  LH-20,  elution  was  carried  out  with 
solvents  such  as  chloroform  and  methanol  but  there 
was  practically  no  separation. 

Separation  and  purification  of  AF. — The  separa- 
tion and  refining  process  which  was  devised,  used  the 
LC  method  with  Sephadex  G-10  as  is  shown  in  table 
2.  The  first  half  of  the  process  is  the  same  as  described 
for  preparation  of  the  crude  AF  mixture.  The  crude 
AF  mixture  was  then  dissolved  in  a  small  amount  of 
methanol,  added  to  the  Sephadex  G-10  column  and 
eluted  with  aqueous  1  percent  methanol  solution  or 
pure  water.  The  elution  solution  was  collected  in  frac- 
tions of  10  ml.  each  and  the  fractions  were  assayed  by 
TLC  and  UV  absorption.  The  collected  AF  solutions 
were  transferred  to  a  scparatory  funnel  and  shaken 
with  chloroform  to  extract  AF  into  the  chloroform 
layer.  This  chloroform  solution  was  dried  under  re- 
duced pressure  and  the  procedure  thereafter  was  of 
Shotwell  et  al.  (6).  The  final  products  were  white 
crystals  of  each  of  the  four  kinds  of  AF. 


Sample  (contaminated  by  aflatoxin). 

Defatting.  _  Hexane. 

Extraction  Chloroform  or  ; 

Dehydration  Sodium  sulfate. 

O/Onccn  trsition 

Hexane. 

Precipitation 

Liquid  chromato.  Silica  gel  column.  1  percent. 

methanol  in  chloroform. 

Dry  in  vacuo. 

Methanol. 

Liquid  chromato.  Sephadex  G-10  column 

HjO  or  1  percent  methanol  in  HjO. 
Fractionation  (B,,  B,,  Gi,  and  Gj). 
Extraction  Chloroform. 


Dry  in  vacuo. 
Filtering 


At  20°C.  overnight. 
Crystallization. 


Chloroform  6.6  n 
Chloroform  2.0  t 
Hexane  16.5  ml. 


Quantitative  analysis  of  AF. — This  was  carried 
out  by  dehydrating  the  test  sample  in  a  manner  simi- 
lar to  that  employed  in  the  separation  purification 
procedure.  It  was  then  extracted  with  chloroform  and 
the  extract  solution  dried  under  reduced  pressure  to 
remove  the  solvent.  The  extracted  material  was  then 
dissolved  in  a  fixed  amount  of  methanol.  A  suitable 
quantity  of  this  concentrate  (less  than  0.5  ml.)  was 
added  to  the  Sephadex  G-10  column  (8  x  500  mm.) 
and  eluted  with  1  percent  methanol  or  pure  water. 
The  elution  solution  was  either  separated  in  fractions 
with  a  fraction  collector  or  automatic  recording  of 
the  absorption  of  363  m/z  was  carried  out  with  a 
Universal  Spectrum  Analyzer.  When  it  was  fraction- 
ated, absorption  at  363  mzt  was  measured  with  a 
spectrophotometer  and  the  content  of  the  four  kinds 
of  AF  was  calculated  from  the  molecular  extinction 
coefficients  (4).  Quantitative  analysis  by  this  method 
was  possible  if  the  quantity  of  AF  added  to  the  column 
was  more  than  10  zzg.,  but  the  sensitivity  of  the  method 
was  less  than  quantitative  analysis  by  TLC.  However, 
there  is  an  error  of  as  much  as  20  percent  in  case  of 
TLC,  whereas  by  this  method  the  error  is  within  10 
percent  as  only  a  micro  quantity  of  AF  is  adsorbed 
by  the  column. 
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Summary 

Aflatoxin  contents  are  usually  estimated  by  visual 
comparison  on  thin-layer  chromatographic  plates 
(TLC)  of  the  fluorescence  intensities  of  separated  afla- 
toxin spots  obtained  from  aliquots  of  sample  extracts 
and  from  aflatoxin  standards  chromatographed  on 
the  same  plate.  Such  analyses  are  accurate  to  no 
more  than  about  ±20  percent.  Objective  fluorodensi- 
tometric  measurements  permit  estimations  with  a 
precision  of  ±2  to  3  percent  for  anatoxins  Bi  and  Gi 
and  of  ±5  percent  for  B2  and  G2.  In  a  collaborative 
study  by  eight  laboratories  on  the  TLC  resolution 
and  fluorodensitometric  measurement  of  aflatoxins 
Bi,  B2,  Gi,  and  G2  added  to  a  purified  cottonseed 
meal,  coefficients  of  variation  for  individual  aflatoxin 
measurements  ranged  from  ±4  to  10  percent,  and 
amounted  to  ±5  percent  for  total  aflatoxins,  with 
average  recoveries  of  93  to  99  percent  of  the  amounts 
added.  Both  the  accuracy  and  the  precision  of  esti- 
mates of  aflatoxin  content  arc  significantly  improved 
by  fluorodensitometric  measurements.  A  fluorodensi- 
tometric measurement  system,  its  operation,  and  its 
application  to  determination  of  aflatoxins  in  cotton- 
seed products  arc  described.  The  order  and  relative 
fluorescence  response  of  aflatoxins  Bi,  B2,  Gi,  and  G2 
on  the  precision  of  fluorodensitometric  measurements 
are  discussed. 

Introduction 

Most  procedures  for  the  determination  of  the  afla- 
toxin content  of  agricultural  products  are  based  upon 
the  fluorescent  characteristics  of  the  compounds  for 
quantitation. 

Typically,  samples  are  first  extracted  with  an  ap- 
propriate solvent,  the  extracts  are  concentrated  and 
partially  purified,  and  the  individual  aflatoxins  in 
aliquots  of  the  partially  purified  extracts  are  further 
purified  and  resolved  by  thin-layer  chromatography 
(TLC)  on  silica  gel  coated  plates.  The  aflatoxin  con- 
tents of  the  aliquots  are  then  estimated  by  visual 
comparison  of  the  fluorescence  intensities  of  the  sepa- 
rated aflatoxin  spots  from  the  sample  aliquots  with 
those  of  appropriate  aflatoxin  standards  chromato- 
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graphed  on  the  same  plate  while  exposed  to  long- 
wave (365  mu)  ultraviolet  (UV)  radiation.  The 
intensity  of  the  fluorescence  of  aflatoxins  makes  possi- 
ble the  visual  detection  of  as  litde  as  3  to  4  x  10-4  u%. 
(0.3  to  0.4  nanogram)  of  aflatoxin  Bi  or  Gi  on  a 
TLC  plate  (3)  and  thus  affords  the  basis  of  an  ex- 
tremely sensitive  procedure.  But,  analysis  by  visual 
comparison  of  fluorescence  intensities  must  at  best  be 
regarded  as  only  semiquantitative.  Due  to  differences 
in  visual  acuity,  eye  fatigue,  and  the  difficulty  of 
estimating  small  differences  in  fluorescence  intensity 
with  the  eye  visual  analysis  is  accurate  to  no  more 
than  about  ±20  percent.  Thus  Beckwith  and  Stoloff 
(2)  in  a  study  of  the  error  associated  with  the  visual 
comparison  of  fluorescent  aflatoxin  spots  on  a  TLC 
plate  found  that  the  precision  limit  for  visual  com- 
parison, determined  under  ideal  conditions  of  juxta- 
position of  spots  of  aflatoxin  and  freedom  from  extract 
interference,  was  20  percent.  They  concluded  "the 
precision  limit  of  visual  comparison  procedures  used 
in  aflatoxin  methods  can  be  no  better  than  ±20 
percent  for  a  single  observation  and,  under  operating 
conditions,  it  is  probably  close  to  ±28  percent." 

Both  the  accuracy  and  precision  of  aflatoxin  deter- 
minations would  undoubtedly  be  improved  by  a  more 
objective  instrumental  procedure.  The  first  effort  to 
use  an  objective  method  seems  to  have  been  based  on 
oscillographic  polarography  (4).  Aflatoxins  Bi  and 
Gi  were  found  to  give  characteristic  oscillopolaro- 
graphic  traces.  The  diffusion  current  was  reported  to 
be  proportional  to  concentration  and  suitable  for 
quantitative  analysis  of  fairly  pure  preparations  but 
satisfactory  methods  do  not  appear  to  have  been 
developed  for  adequate  purification  of  extracts  from 
naturally  contaminated  materials. 

Nabney  and  Nesbitt  (5)  utilized  ultraviolet  absorp- 
tion spectrophotometry  as  the  basis  for  an  objective 
procedure  for  the  determination  of  aflatoxins,  partic- 
ularly aflatoxin  Bi.  In  this  procedure  concentrated 
chloroform  solutions  of  partially  purified  extracts  were 
streaked  across  plates  coated  with  Kieselgel  G  and 
the  plates  were  developed  successively  with  diethyl 
ether  and  then  with  chlorofonn:methanol  to  separate 
the  aflatoxins  into  discrete  bands.  The  bands  were 
scraped  off,  elutcd  with  methanol,  and  the  aflatoxin 
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contents  of  the  methanol  extracts  were  estimated  by 
absorption  spectrophotometry  at  363  nu*.  Some  3  to 
10  Mg.  of  isolated  anatoxins  were  required  for  accurate 
measurements,  as  absorption  is  much  less  sensitive  for 
the  anatoxins  than  is  fluorescence,  by  a  factor  of 
1  ,(XK)  or  more.  Multiple  plates  were  processed  to  ob- 
tain sufficient  Bj  for  measurement  but  even  so  the 
technique  was  limited  to  analysis  of  materials  high  in 
anatoxin  content. 

An  instrumental  procedure  for  the  determination 
of  anatoxin  Bi  direcdy  on  TLC  plates  using  a  densi- 
tometer equipped  for  measurement  of  fluorescence 
was  first  proposed  by  Ay  res  and  Sinnhuber  (/).  They 
found  that  a  logarithmic  function  of  emitted  fluores- 
cence energy  and  concentration  when  plotted  on  semi- 
log paper  was  linear  over  a  concentration  range  of 
about  2.5  to  15  x  10~4  jig.  of  anatoxin  Bi  per  spot 
and  used  the  procedure  for  estimating  the  aflatoxin 
Bi  content  of  extracts  from  cottonseed  meals.  Shortly 
thereafter,  we  undertook  to  explore  more  fully  the 
parameters  involved  in  the  measurement  of  the  solid 
state  fluorescence  of  anatoxins  on  TLC  plates  (5). 
This  included  study  of  the  linearity  of  emitted  fluores- 
cence to  concentration,  the  relative  response  of  indi- 
vidual anatoxins,  the  constancy  of  the  response,  the 
precision  of  solid  state  fluorescence  measurements  and 
the  conditions  for  adequate  resolution  of  the  individ- 
ual aflatoxins.  Satisfactory  resolution  of  the  anatoxins 
is  critical  for  fluorcdensitometric  methods  and  a  pro- 
cedure for  calculation  of  numerical  resolution  factors 
to  evaluate  the  degree  of  resolution  on  TLC  plates 
has  recently  been  proposed  (7). 

Densitometric  Measurement  System 

A  schematic  outline  of  the  basic  fluorometric  den- 
sitometry measurement  system  is  shown  in  figure  1. 
Briefly,  the  procedure  involves  placing  a  developed 
TLC  plate  (gel  layer  downward)  on  a  motor  driven 
stage,  positioning  the  aflatoxin  spots  over  a  primary 
slit  for  exposure  to  a  beam  of  filtered  long-wave  ultra- 
violet radiation,  scanning  the  aflatoxin  spots,  passing 
the  emitted  fluorescence  radiation  through  a  narrow 
collimating  slit  and  secondary  filter  to  a  photomulti- 
plier  tube,  and  recording  the  output  (8). 

We  used  a  Photovolt  model  530  densitometer  (man- 
ufactured by  the  Photovolt  Corp.,  New  York,  N.Y. 
10010)1  equipped  with  a  long-wave  (320  to  390  nui) 
UV  lamp,  No.  365  primary  filter  and  6  x  19  mm. 
primary  slit;  a  stage  for  TLC  plates  equipped  with 
an  automatic  drive  (1  inch  per  minute)  and  also  with 
a  manual  rack;  a  search  unit  containing  a  0.1  x 
15-mm.  collimating  slit,  a  No.  465  secondary  filter 
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and  a  UV  sensitive  phototube  No.  28B;  and  a  No. 
520-A  multiplier-photometer.  With  this  is  used  a  re- 
corder (Varicord  model  43  with  a  4-inch  per  minute 
chart  speed)  equipped  with  an  automatic  recording 
integrator  (Integraph  model  49).  We  modified  the 
stage  by  replacing  the  original  rounded  tongue  with 
an  8.5-inch  long  aluminum  T  bar  to  permit  better 
lateral  alinement  of  the  TLC  plates.  The  equipment 
is  operated  in  a  dimly  illuminated  room  and  is  allowed 
to  warm  up  for  at  least  10  minutes  before  measure- 
ments are  made. 

Operation  of  Measurement  System 

The  operation  of  recording  the  fluorescence  emis- 
sion response  of  various  aflatoxin  spots  may  be  illus- 
trated using  Bi  as  an  example.  A  standard  20  x  20 
cm.  silica-gel-coated  TLC  plate  is  spotted  with  suita- 
ble aliquots  of  the  unknown  and  of  a  standard  of 
known  aflatoxin  content.  The  plate  is  developed  with 
any  suitable  developing  solvent  and  air  dried  in  the 
dark  for  about  15  minutes.  About  0.5  inch  of  the  gel 
is  removed  from  the  top  and  bottom  edges  of  the 
developed  plate  and  small  protective  guides  (made 
from  26-gagc  aluminum,  7.5  inches  long  x  0.5  inches 
wide  with  a  %~inch  channel)  are  slipped  over  the 
top  and  bottom  edges.  The  plate  is  placed  on  the 
stage,  gel  layer  down,  so  that  the  direction  of  scan 
will  be  downward  from  above  the  Bi  spot  toward  the 
origin,  and  securely  butted  against  the  T  bar.  The 
multiplier-photometer  is  set  at  suitable  sensitivity 
(position  3  for  model  520-A)  and  the  recorder  is  set 
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for  millivolt  operation  at  a  suitable  sensitivity',  gener- 
ally 50  mv.  on  the  range  switch  for  model  43. 

A  Bi  spot  of  a  standard  is  centered  over  the  primary- 
slit  for  exposure  to  ultraviolet  radiation,  the  search 
unit  is  lowered  to  about  1  mm.  above  the  surface  of 
the  plate  and  the  recorder  is  adjusted  to  a  convenient 
pen  response  (commonly  60  percent  of  full  scale) 
with  the  fine,  stepless,  adjustment  of  the  recorder 
range  switch.  Using  the  manual  stage  rack  a  blank 
zone  on  the  plate  just  above  the  Bi  spot  is  then 
positioned  over  the  primary  slit  for  the  excitation 
radiation.  The  multiplier-photometer  photometric 
scale  is  then  adjusted  to  zero  and  the  recorder  pen  to 
a  scale  setting  of  10  with  the  set  zero  recorder  control. 
The  Bi  standard  spot  is  then  repositioned  over  the 
primary  slit  and  the  recorder  sensitivity  is  adjusted  to 
give  the  desired  pen  travel,  70  to  80  percent  of  full 
scale,  using  the  fine  adjustment  of  the  recorder  range 
switch.  A  blank  zone  on  the  plate  just  above  the  Bi 
spot  is  again  positioned  over  the  primary  slit  to  check 
the  baseline  and  if  it  has  changed  this  is  readjusted  to 
a  baseline  value  of  10  with  the  set  zero  control.  The 
recorder  chart  drive  is  then  activated,  the  automatic 
integrator  set  for  minimum  baseline  count  (about  1 
count  per  10  seconds),  and  the  plate  is  scanned  by 
activating  the  automatic  stage  drive.  The  plate  is 
scanned  from  above  the  Bi  spot  toward  the  origin. 
All  operations  prior  to  the  scan  should  be  performed 
as  quickly  as  possible  to  ensure  minimum  exposure  of 
anatoxin  to  UV  radiation.  The  recorder  sensitivity 
adjustment  as  set  for  the  first  Bi  standard  spot  should 
not  be  changed  during  subsequent  scans  on  the  same 
plate.  However,  the  baseline  should  be  checked  be- 
tween scans  and  should  be  readjusted  with  the  re- 
corder set  zero  control  if  necessary. 

A  recorder  trace  of  a  chromatogram  on  a  TLC 
plate  of  a  standard  solution  of  the  four  aflatoxins  Bi, 
B2,  Gi,  and  G2  is  shown  in  figure  2.  It  may  be  seen 
that  the  four  aflatoxins  arc  well  resolved  and  the 
peaks  return  essentially  to  the  baseline  between  the 
individual  aflatoxins.  This  is  especially  noteworthy  as 
the  densitometer  is  even  more  sensitive  than  the  eye 
in  detecting  trace  fluorescence.  In  the  figure  shown 
here  (fig.  2)  the  anatoxin  Bi  content  of  the  aliquot  of 
the  standard  spotted  amounted  to  0.005  ng.;  i.e.,  5 
nanograms.  Detailed  descriptions  of  applicable  pro- 
cedures and  operations  will  be  found  in  publications 
by  Pons  et  al.  (8,  9). 

Fluorescence  Response  of  Aflatoxins 
Blf  B2,  Gi,  and  G2 

The  relationship  between  recorded  peak  areas  of 
emitted  fluorescence  of  aflatoxins  and  concentration 
was  found  to  be  linear  over  a  range  of  at  least  3  to 
105  x  10"4  /*g.  of  anatoxin  Bi  and  2  to  70  x  10"' 


Llli.1 

1. 

» 

■ 

6 

ao 

da. 

1 

"9Q  ' 

— 

"  » 

-  in 

— 

i  

«( 

-t  

—80— 

\. ...... 

- 

—70" 

J1 

T  - 

~t~ 

-«0 — 

] 

■  . 

1  

-  ■  ~ 

~30— !  

1 

^20 — 

i 

• 

V 

1  

-to— 

'  1 

». 

a 

* 

-0  — 

1.  _ 

1 

Figure  2.-R»cordar  trace  of  aflatoxins  Bt,  B2,  Qlt  and  Ga 
on  TLC  plat*. 


tig.  of  aflatoxin  Gi  per  spot  (8).  The  linearity  of  the 
area-concentration  relationship  for  aflatoxins  Bt,  B2, 
Gi,  and  G2  over  a  more  limited  range  is  shown  graphi- 
cally in  figure  3.  From  this  figure  it  can  be  seen  that 
although  for  each  aflatoxin  the  relationship  between 
area  and  concentration  is  linear  the  aflatoxins  differ 
in  the  magnitude  of  their  fluorescence  intensities.  The 
slopes  of  the  curves  indicate  a  relative  response 
B2>G2>Bi>Gi.  The  magnitude  of  the  relative  re- 
sponse values  is  influenced  by  the  transmission  char- 
acteristics of  the  secondary  filter.  This  is  illustrated  in 
table  1  in  which  is  shown  results  obtained  using  Silica 
Gel  G-  HR  coated  plates  and  Nos.  445  and  465  filters. 
The  excitation  maxima  for  the  four  aflatoxins  arc  all 
about  368  to  369  m/u  but  the  fluorescence  emission 
maxima  for  aflatoxins  Bt,  B2,  Gi,  and  G2  in  the  solid 
state  on  silica  gel  are  432,  427,  455,  and  450  mji, 
respectively  (JO).  The  445  filter  has  maximum  trans- 
mittance  at  435  m/i  with  a  UV  aitoff  at  about  390 
imi  while  the  465  filter  has  maximum  transmit tance 
at  460  mn  with  a  UV  cutoff  at  400  nui  (8).  Accord- 
ingly, the  445  filter  discriminates  in  favor  of  Bi  and 
B2  with  a  reduction  in  the  Gi  and  G2  response.  Inas- 
much as  the  465  filter  gave  a  much  more  nearly- 
equivalent  response  of  B^Gi  and  B2:G2  it  was  selected 
for  general  use.  With  either  filter  the  relative  response 
for  these  silica  gel-coated  plates  is  in  the  same  order 
viz:  B2>G2>  Bi  >Gi,  but  the  ratios  differ. 

The  response  ratios  are  not  highly  reproducible 
physical  constants  as  they  are  influenced  not  only  by 
the  filters  but  also  by  the  type  of  silica  gel  used  and 
still  other  factors  including  the  duration  and  intensity 
of  previous  exposure  to  UV  radiation  (8).  In  experi- 
ments with  three  types  of  silica  gels  the  response 
ratios  of  B2:Bi  ranged  from  1.6  to  2.8  and  of  G2:Gi 
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Figure  3.— Linearity  of  f  luorescense  response  (area)  versus 
concentration  relationship  for  anatoxins  Bi,  Bj,  Gi,  and  Gj. 


from  2.2  to  3.7.  Thus  the  use  of  authentic  reference 
standards  of  each  aflatoxin  is  an  absolute  requirement 
in  fluorodensitometric  analysis.  Obviously,  however, 
the  heretofore  common  practice  in  visual  estimation 
of  the  anatoxin  B2  content  of  unknow  ns  by  comparison 
with  the  Bi  standard  and  of  the  Go  content  by  com- 
parison with  the  Gi  standard  may  result  in  overestima- 
tion  of  aflatoxins  B2  and  Go  by  a  factor  of  2  to  3.  It 
may  be  noted  that  even  greater  variations  in  fluores- 


cence response  ratios  are  found  in  solvents  and  the 
order  as  well  as  the  magnitude  of  the  relative  fluores- 
cence intensities  may  differ  in  various  solvents  and  in 
the  solid  state  on  silica  gel.  The  order  and  relative 
intensities  of  fluorescence  of  the  aflatoxins  in  several 
solvents  and  in  the  solid  state  as  reported  by  Robertson 
and  Pons  (10)  are  given  in  table  2. 


Table  1.— Relative  fluorescence  intensities  of  aflatoxins 
on  plates  coated  with  Silica  Gel  G-HR> 


Ana- 
toxin 

445  liltcr2 

4<i5  lilter- 

wt.  x  10- « 
spotted 

Relative 
response 

x 

10  «4 

Relative 
response 

B, 

33.8 

3.02 

4.y 

3.11 

3.3 

36.1 

1 .61. 

2.7 

2.84 

:!.() 

m:> 

1.25 

2.11 

1.36 

1.4 

c;,.... 

102.4 

.62 

1.(1 

.95 

l.li 

'From  n.(«.-ii«  («). 

•Apliroiin.at.'  wnvclciigtK  ,A  minimum  triunniiltniin- 
•from  intc-erntor  iircn  fount*. 

NoTE.t 

Hutio  It.  :  Hi.  2A  :  ].  >.X  :  I. 
Hmi..    (i,  :Ci.      -2.7:1.  :(n:l. 

Precision  of  Fluorodensitometric 
Measurements 

Estimates  of  precision  from  measurement  of  pure 
aflatoxins  Bi  and  Gi  on  Tl.C  plates  indicated  a 
measurement  precision,  as  expressed  by  coefficients  of 
variation,  of  ±2  to  4  percent  (8).  Stubblcficld  ct  al. 
(11)  employed  fluorodensitometric  measurements  to 
estimate  aflatoxins  produced  by  cultures  of  A.  flavus 
and  reported  average  deviations  of  ±2  to  3  percent 
for  aflatoxins  Bi  and  Gi  and  ±5  percent  for  B2  and 
Go.  Beckwith  and  Stolon"  (2)  have  reported  attainable 
precision  of  about  5  percent  for  fluorodensitometric 
measurements  of  aflatoxins.  In  a  collaborative  study 
by  eight  laboratories  on  the  TLC  resolution  and 
fluorodensitometric  measurements  of  aflatoxins  Bi, 
B2,  Gi,  and  Go  added  to  a  purified  cottonseed  meal 
extract  coefficients  of  variation  for  individual  aflatoxin 


Table  2.-Order  and  relative  intensities  of  aflatoxin  fluorescence  in  solution  and  solid  state1 


Relative  intensity 


Measurement  conditions         Instrument  used  Fluorescence  order  Bi  Bj  Gi  G» 


Methanol  solvents. -_  Baird  

Ethanol  solvents  do  

Chloroform  solvents  do  

Acetonitrilc  solvents  Aminco  

Silica  gel-Solid.   do  

Silica  gel— Solid  Densitometer. 


Gj  >  B2  >  Gi  >  B,  .  .. 

1.0 

8.8 

1.7 

14.8 

G2  >  B2  >  G,  >  B,  

1.0 

2.7 

1.4 

4.7 

G2  >  G,  >  B,  >  B,  

1.0 

1.3 

31.0 

34.0 

G2  >  G,  >  B2  >  B,  

1.0 

6.1 

54.1 

72.7 

B2  >  G2  >  B,  r  G,  

1.5 

6.6 

1.0 

4.2 

B2  >  G2  >  B,  >  G,  

1.4 

3.3 

1.0 

3.0 

'Prom  rrfrrenM-  (10). 
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measurements  ranged  from  ±4  to  10  percent,  and 
±5  percent  for  total  aflatoxins  with  average  recoveries 
of  93  to  99  percent  of  the  amounts  added  (6). 

Determination  of  Aflatoxins  in 
Cottonseed  Products 

An  improved  fluorodensitometric  method  for  the 
determination  of  anatoxins  in  cottonseed  products 
has  recently  been  reported  (9).  This  paper  should  be 
consulted  for  full  details  of  the  procedures  and  tech- 
niques. The  procedure  for  preparation  of  the  extract 
may  be  outlined  very  briefly,  as  follows: 

A  25-g.  ground  sample  is  extracted  with  250  ml.  of 
a  mixed  solvent  ( acetone  :water:  acetic  acid,  850:150:8) 
on  a  mechanical  shaker.  The  extract  is  filtered  and 
an  aliquot  (50  percent)  is  partially  purified  by  treat- 
ment with  lead  acetate  and  filtered  and  an  aliquot 
(80  percent)  of  this  filtrate  is  partitioned  into  chloro- 
form. The  chloroform  soluble  portion  is  further 
cleaned  up  using  a  short  column  of  silica  gel,  first 
washing  with  a  mixture  of  diethyl  cther:hexanc  to 
remove  interfering  fluorescent  materials  and  then 
eluting  aflatoxins  with  chloroform :acetone. 

The  evaporated  eluate,  which  now  contains  rela- 
tively litde  extraneous  interfering  impurity,  is  taken 
up  in  exactly  0.5  ml.  chloroform  for  Preliminary  TLC. 
In  this  step  2,  5  and  10  til.  aliquots  of  the  extract  are 
used  to  determine  the  approximate  aflatoxin  content 
as  judged  by  visual  comparison  with  aflatoxin  stand- 
ards. Based  upon  the  results  of  the  Preliminary  TLC 
evaluation  the  volume  of  purified  extract  is  adjusted 
to  optimum  dilution  for  densitometric  analysis  (9). 
Appropriate  duplicate  sample  aliquots  along  with 
duplicate  5  til.  aliquots  of  an  aflatoxin  standard  arc 
spotted  on  a  TLC  plate,  placing  the  spots  2  cm.  apart 
along  an  imaginary  line  about  4  cm.  from  the  bottom 
of  the  plate.  A  line  is  scribed  across  the  top  about  1 2 
to  13  cm.  beyond  the  origin  and  the  plate  is  devel- 
oped, in  an  upright  position  in  an  unlincd  uncquili- 
brated  tank  with  150  ml.  of  development  solvent 
(chloroform:acctone:isopropanol,  850:125:25)  until 
the  solvent  front  reaches  the  scribed  line.  A  develop- 
ment solvent  of  chloroform: acetone  (85:15)  is  equally 
satisfactory.  The  plate  is  removed,  air  dried  in  the 
dark  for  about  15  minutes  and  mea;tred  with  the 
densitometer  according  to  the  procedure  given  in  the 
section  entitled  "Operation  of  Measurement  System." 
If  a  plate  is  inspected  visually  prior  to  measurement, 
a  low-wattage  UV  lamp  should  be  used  and  exposure 
time  should  be  held  to  a  minimum. 

We  use  integrator  area  counts  to  calculate  aflatoxin 
contents.  Triangulation  of  the  peaks  of  the  recorder 
trace  may,  of  course,  also  be  used  to  determine  areas. 
Integrator  area  counts  are  determined  (9)  for  each 
aflatoxin  peak  averaging  the  counts  for  each  aflatoxin 


in  the  duplicate  standard  and  sample  aliquots.  Afla- 
toxin Bi  content  of  the  sample  is  calculated  according 
to  the  following  equation: 

A^B,(ppM.^Hf.>xl.M 

(At)  =  Average  area  count  of  the  Bj  sample  spot. 
('  «)  =  mL  of  standard  spotted. 
(C,)  =  ^g.  of  Bi  per  ml.  of  standard. 
(Sn)  =  Sample  dilution;  volume  of  final  extract  in 
Ml- 

(A,)  =  Average  area  count  of  the  Bi  standard  spot. 

( '  *)  =  fd-  of  sample  extract  spotted. 

(Mr)  =  grains  of  original  sample  represented  by 
the  final  sample  extract;  10  if  25  g.  of 
original  sample  was  taken  and  the  in- 
dicated aliquots  were  used. 

1 .04  =  correction  factor  for  the  3.4  percent  of  the 
sample  extract  used  for  Preliminary  TLC. 

The  same  procedure  is  used  for  aflatoxins  B2,  Gi, 
and  G2  (if  present)  substituting  the  appropriate  area 
counts,  aliquots,  and  standard  concentrations. 

Using  this  procedure  a  precision  of  ±2  to  4  percent 
was  reported  (9)  for  the  estimation  of  aflatoxins  Bi 
and  B2  in  cottonseed  meal  and  average  recoveries 
ranged  from  89  to  100  percent  of  the  amounts  of 
aflatoxins  Bi,  B2,  Gi,  and  G2  added  to  typical  cotton- 
seed products.  The  procedure  has  also  been  applied 
to  peanuts,  peanut  butter,  mixed  feeds,  and  other 
agricultural  products  with  satisfactory  results. 

The  procedure  described  is  currendy  the  subject  of 
a  collaborative  study  for  the  determination  of  afla- 
toxins in  cottonseed  products  with  some  collaborators 
determining  the  aflatoxins  both  by  visual  estimation 
and  densitometrically.  However,  the  results  of  several 
investigations  (/,  2,  6,  8,  9,  I  J)  on  the  precision  and 
accuracy  of  fluorodensitometric  estimation  of  afla- 
toxins thus  far  reported  suggest  that  the  technique  is 
a  reasonably  precise  and  accurate  analytical  tool,  and 
superior  to  visual  estimation. 
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Summary 

Chemical  methods  for  the  detection  and  estimation 
of  mycotoxins  are  discussed.  The  need  for  different 
methods  for  the  anatoxins  for  various  commodities 
and  for  particular  requirements  such  as  those  for  reg- 
ulatory and  for  manufacturing  plant  control  purposes 
is  emphasized.  The  methods  for  the  lesser  known 
mycotoxins  such  as  ochratoxin,  zearalenone,  patulin, 
stcrigmatocystin,  and  anatoxin  M  are  presented  with 
emphasis  on  their  limitations  and  areas  where  im- 
provements are  desired.  The  need  for  performance 
standards  for  the  highly  variable  reagents  such  as 
column  silica  gels  and  TLC  silica  gels  used  in  these 
methods  are  discussed.  Recent  trends  in  methods  for 
sample  preparation  are  presented. 

Methods  have  been  developed  for  the  chemical 
analysis  of  several  of  the  mycotoxins.  In  some  in- 
stances a  method  has  received  limited  application, 
but  in  others  considerable  information  has  been  accu- 
mulated by  the  more  general  application  of  the 
method  to  the  control  of  practical  problems.  At  this 
time  aflatoxin  is  still  the  mycotoxin  about  which  most 
is  known  and  is  the  one  for  which  a  large  amount  of 
information  has  been  accumulated  by  the  practical 
application  in  the  regulation  and  control  of  peanuts, 
Brazil  nuts,  and  cottonseed  used  for  food  by  man  and 
animals. 

The  following  aspects  of  the  overall  mycotoxin 
problem  will  be  discussed: 

(1)  Sampling  and  sample  preparation; 

(2)  Aflatoxin  methods  currently  in  use  for  specific 
applications; 

('£)  Methods  for  other  mycotoxins: 
(4)  Chemical  confirmation  methods. 

Sampling  and  Sample  Preparation 

Sampling  and  sample  preparation  are  particularly 
difficult  problems  because  of  the  nature  of  mycotoxin 
contaminations.  It  has  been  shown  that  the  major 
pan  of  the  total  contamination  of  a  lot  can  be  ac- 
counted for  by  a  relatively  few,  highly  contaminated 
units.  This  has  been  determined  by  carrying  out  afla- 
toxin analyses  on  a  number  of  individual  kernels. 
Such  data  have  been  reported  for  peanuts  (/),  cotton- 
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seed  (2),  corn  and  Brazil  nuts  (.?)  and  arc  presented 
in  table  1. 

This  finding  points  out  the  nature  of  the  contamina- 
tion and  the  need  to  resort  to  the  collection  of  rela- 
tively large  samples  to  ascertain  the  extent  of 
contamination  of  a  given  lot.  In  the  case  of  shelled 
peanuts,  it  is  common  practice  in  the  U.S.  Depart- 
ment of  Agriculture  to  make  a  composite  sample  from 
25  percent  of  the  bags.  However,  there  is  evidence 
that  even  this  extensive  sampling  may  not  give  an 
entirely  representative  sample  of  the  lot.  In  dealing 
with  bulk  shipment  or  cargos  involving  large  numbers 
of  bags,  it  is  not  practical  to  carry  out  such  extensive 
sampling.  Some  groups  in  the  United  States  take  a 
"lot  sample"  ranging  from  15  to  45  pounds  of  pea- 
nuts, then  grind  and  blend  8  to  10  pounds  to  give  a 
homogeneous  mass  from  which  a  portion  can  l>e  taken 
for  the  chemical  analysis. 

Regarding  sample  preparation,  we  have  effectively 
used  the  neutron  activation  of  a  few  kernels  of  nuts  to 
evaluate  the  homogeneity  of  analytical  samples  pre- 
pared by  various  means  for  lot  samples.  In  this  tech- 
nique, several  kernels  are  made  radioactive,  and  these 
are  then  added  to  the  lot  sample  which  is  ground, 
mixed,  and  portions  removed  for  accurate  and  precise 
radioactivity  measurement.  Statistical  treatment  of 
the  data  obtained  gives  a  good  measure  of  the  homo- 
geneity of  the  samples  prepared  by  a  particular 
method  (3).  Nuts  in  the  shell  have  presented  a  more 

Table  1.- Assay  of  single  kernels  for  aflatoxins 


Commodity 


Cotton-  Brazil 
Pcaniiw     *ced  (jorn  nuts 


Ran-  Ran- 
Sclcction        Defects     dom      Defects    dom  Defects 


No.  examined.,        40      1  TiO  10        256  100 

No.  positive   22       28  5  0  5 

mK-  total  aflatoxins  per  gm  kernel 

Range: 

Low   Trace        0.07     Trace    0.05 

High.   1,100     600  8    25 


'Defect*  >'i»  vUually  definitive  kernels  m.il  ramloin  r«fer>  to  the  selection 
of  kernel*  in  a  random  manner. 
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difficult  problem  than  shelled  nuts  because  of  the 
additional  effort  and  time  required  for  shelling.  \Vc 
have  found  that  it  is  not  necessary  to  remove  the 
shells  of  peanuts,  walnuts,  filberts,  almonds,  pecans, 
and  Brazil  nuts  because  these  shells  do  not  interfere 
with  the  chemical  analyses.  Considerable  time  is  saved 
by  grinding  the  entire  nut.  In  addition,  we  find  that 
hard  shells  such  as  those  of  Brazil  nuts  arc  excellent 
grinding  aids  and  are  very  effective  in  producing 
homogeneous  analytical  samples  in  some  types  of 
grinders. 

The  Hobart  vertical  cutter  mixer  (VCM)  is  an 
effective  piece  of  equipment  for  producing  homoge- 
neous samples.  Approximately  25  pounds  of  nuts  can 
be  handled  at  one  time  in  the  40-quart  size  bowl. 
Figure  1  illustrates  this  equipment. 


Figure  1.— Hobart  vertical  cutter-mixer  (VCM-40). 


Figure  2.— Right:  Willems  poiytron.  Left:  Baur  mill. 


I'nshelled  Brazil  nuts  were  the  first  nuts  to  be 
ground  in  the  VCM.  One  radioactive  nut  in  25  pounds 
gave  a  dilution  factor  of  approximately  one  in  1 ,600. 
Grinding  and  blending  for  2  minutes  produced  a 
finely  ground  sample  and  the  radioactivity  measure- 
ments on  portions  gave  a  coefficient  of  variation  of  3 
percent,  indicating  excellent  homogeneity.  When 
shelled  peanuts  with  a  dilution  factor  of  approxi- 
mately 10,000  were  processed  in  the  same  manner,  a 
nonhomogeneous  mass  with  a  coefficient  of  variation 
of  204  percent  was  obtained.  Reducing  the  dilution 
factor  to  approximately  2,500  produced  a  coefficient 
of  variation  of  96  percent.  It  became  apparent  that 
the  great  difference  between  Brazil  nuts  in  the  shell 
and  shelled  peanuts  was  due  to  the  grinding  action  of 
the  hard  Brazil  nut  shells.  Oyster  shell  does  not  inter- 
fere with  the  subsequent  anatoxin  chemical  analysis 
and  was  selected  as  a  grinding  aid  for  shelled  pea- 
nuts. An  equal  portion  of  shell  and  nuts  produced  a 
mass  with  a  2  percent  coefficient  of  variation,  indi- 
cating excellent  homogeneity. 

The  hard  shells  from  other  nuts,  such  as  walnuts 
and  pecans,  are  also  effective  in  producing  homoge- 
neous samples.  Even  the  relatively  soft  shell  of  al- 
monds gave  a  material  with  an  8  percent  coefficient 
of  variation.  This  degree  of  homogeneity  for  sample 
preparation  is  still  considered  satisfactory  in  view  of 
the  relatively  large  coefficients  of  variation  associated 
with  current  aflatoxin  methods.  In  practice  we  find 
that  an  overall  method  coefficient  of  variation  of  about 
15  percent  is  to  be  expected  in  most  laboratories. 
However,  at  least  one  recently  conducted  collabora- 
tive study  produced  somewhat  better  results  (4). 
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PROCEEDINGS.  FIRST  U.S.-JAPAN  CONFERENCE  ON  TOXIC  MICRO-ORGANISMS 


Commodity 


Sample  preparation 


Dilution 


Through 
40  mesh 
(percent) 


50  g. 
sample  CV 1 
(percent) 


Peanuts,  shelled. 

Do  

Do  

Do  


Brazil  nuts,  in  shell. 

Walnuts,  in  shell  

Pecans,  in  shell  

Almonds,  in  shell  


VCM,  blunt  rotor  

VCM,  sharp  rotor  

VCM,  blunt  rotor  +  oyster  shell. 

Bauer  +  heptane  ) 
-j-  polytron) 

VCM,  blunt  rotor  

 do.   

 do..    

 do    


JV501 
l2,570f 


12,600 

4,700 

1,590 
1,600 
1,800 
2,900 


30 

52 
75 

99 

90 
70 
80 
50 


204 

96 

..... 

1 

3 
4 

a 


of  varlfttioD. 


A  homogeneous  sample  of  peanuts  can  also  be  pre- 
pared by  the  use  of  a  burr-type  mill  (such  as  a  Baur 
mill)  in  conjunction  with  a  Polytron  homogenizer. 
Figure  2  shows  a  Baur  mill,  a  polytron,  and  the  grind- 
ing head  of  the  polytron.  A  paste  is  formed  from  the 
peanuts  by  passing  them  through  the  burr  mill  and 
heptane  is  added  to  the  peanut  paste  to  make  a  fluid 
mixture.  The  polytron  is  then  employed  to  further 
grind  and  blend  to  effectively  produce  a  homoge- 
neous sample.  The  data  in  table  2  summarize  the 
above  experiments  on  sample  preparation. 

Analysis 

In  all  of  the  methods,  the  anatoxins  arc  extracted 
with  suitable  solvents  such  as  aqueous  methanol,  chlo- 
roform and  methanol,  and  aqueous  acetone.  The  in- 
terfering substances  extracted  along  with  the  anatoxins 
are  removed  by  column  chromatography  or  liquid- 
liquid  partition  chromatography.  The  anatoxins  arc 
further  separated  by  thin-layer  chromatography,  and 
the  amounts  of  anatoxin  are  estimated  visually  under 
UV  illumination  or  by  fluorescence  densitometry  by 
comparison  with  standards. 

Table  3.— Methods  and  use 


Method  Commodity  Use 

AOAC  Cclite(5)--  Peanuts   USDA  (25,000  analyses 

in  1967). 

Grain   USDA  surveys. 

AO  AC  CB  (6")  Peanuts   FDA. 

Grains   Industry  laboratories. 

Liquid-liquid  Peanuts   Manufacturing  control. 

Waltking(°)   Peanut  butter.  (45-90  min.) 

Pom  {12)  Cottonseed....  USDA  survey. 

Pons(f)  do   USDA  research. 

Myco  toxin  ") 

Multidetcction  >  Corn   USDA  survey. 

Eppley(/3)  ) 


Some  of  the  currendy  used  methods  for  anatoxin 
analyses  are  listed  in  table  3.  The  AOAC  Celite 
method  (5)  has  been  used  by  the  U.S.  Department  of 
Agriculture  for  the  control  of  peanuts  and  peanut 
butter.  They  carried  out  approximately  25,000  anal- 
yses in  1967  with  this  method,  and  it  has  been  esti- 
mated that  they  will  use  it  for  approximately  30,000 
analyses  in  1968.  This  method  has  also  been  used  for 
surveys  of  grain  by  the  USDA. 

The  AOAC  CB  method  (6)  has  been  effectively 
used  for  peanuts,  peanut  products,  grains  and  is  also 
useful  for  a  number  of  other  commodities.  This  is 
presendy  the  method  of  choice  in  the  Food  and  Drug 
Administration  laboratories  (FDA),  the  Canadian 
Food  and  Drug  Directorate  laboratories  and  is  in 
vise  in  some  industrial  laboratories.  The  CB  proce- 
dure is  quite  versatile  and  can  be  scaled  up  or  down 
to  effectively  handle  single  kernels  to  kilogram  size 
samples.  It  is  particularly  useful  for  the  larger  sam- 
ples which  are  required  to  obtain  sufficient  anatoxin 
for  confirmatory  tests  (7).  This  procedure  has  also 
been  studied  collaboratively  by  the  Trace  Substances 
Committee  of  IUPAC  (International  Union  of  Pure 
and  Applied  Chemistry)  and  was  published  this  year 
as  a  provisional  IUPAC  method  (8). 

Waltking  ct  al.  (9)  modified  the  FDA  liquid-liquid 
clean-up  procedure  (10)  to  give  a  very  rapid  and 
practical  method  particularly  useful  for  manufactur- 
ing quality  control.  The  authors  estimate  an  elapsed 
time  of  90  minutes  from  start  to  finish.  This  time  can 
be  reduced  to  60  minutes  by  using  the  small  thin- 
layer  chromatography  plates  described  by  Eppley 
(11).  Waltking  has  recently  incorporated  some  addi- 
tional timesaving  steps  so  that  an  analysis  can  be 
carried  out  in  as  little  as  45  minutes.  This  modified 
method  should  be  very  useful  for  manufacturing  con- 
trol purposes. 

Analysis  of  cottonseed  for  anatoxin  presents  some 
problems  because  of  inherent  interferences.  The 
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method  of  Pons  ct  al.  (12)  has  been  used  for  research 
and  extensive  surveys  by  the  Department  of  Agricul- 
ture. Recently  an  improved  method  by  Pons  (4)  has 
been  collaboratively  studied  and  was  adopted  as  offi- 
cial, first  action  at  the  1968  AO  AC  Annual  Meeting. 
The  data  from  the  collaborative  study  indicate  that  it 
will  be  a  very  effective  method  for  aflatoxin  analysis 
in  cottonseed. 

The  niycotoxin  multidctection  system  of  Eppley 
(75)  is  being  used  by  the  U.S.  Department  of  Agricul- 
ture for  a  survey  in  which  several  hundred  selected 
corn  samples  are  being  analyzed  for  aflatoxins, 
zearalenone,  and  ochratoxin.  Shotwell  et  al.  (14) 
reported  the  first  natural  contamination  of  a  com- 
modity (corn)  with  ochratoxin,  using  this  method. 

Although  it  would  be  very  desirable  to  have  one 
method  which  could  be  effectively  used  to  analyze  all 
materials  for  aflatoxins,  it  has  become  quite  evident 
that  for  the  present  this  is  not  practical.  As  previously 
mentioned,  some  commodities  (e.g.  cottonseed),  are 
not  adaptable  to  existing  methods  because  of  some 
unique  interference  or  other  qualities.  Work  has  been 
going  on  in  a  number  of  laboratories  to  develop  effec- 
tive methods  for  particular  commodities. 

Aflatoxin  M  is  currendy  under  study.  Purchase  et 
al  (15,  16)  used  a  method  developed  in  their  labora- 
tory to  analyze  22  samples  of  market  milk  from  South 
Africa.  Five  of  the  samples  were  found  to  contain 
aflatoxin;  two  of  these  were  estimated  to  contain  0.16 
jig.  per  kg.  and  lesser  amounts  were  formed  in  the 
others.  Additional  samples  were  obtained  from  these 
two  sources  and  subsequent  analysis  revealed  afla- 
toxin M  in  one  sample.  The  aflatoxins  were  extracted 
from  several  gallons  of  sample  from  this  source  and, 
when  fed  to  ducklings  produced  the  typical  liver  le- 
sions. This  indicates  that  the  method  of  Purchase  et  al. 
is  very  sensitive  and  should  be  useful  as  an  analytical 
tool.  However,  a  collaborative  study  with  this  method 
and  several  other  unpublished  methods  was  con- 
ducted earlier  under  IUPAC  auspices  and  the  results 
were  disappointing.  It  appears  that  the  instability  of 
the  aflatoxin  M  standard  used  in  the  study  was  largely 
responsible  for  the  difficulties  encountered. 

More  recently  Masri  et  al.  (17)  reported  that  afla- 
toxin M  is  stable  in  dried  milk  and  also  stable  in  the 
highly  purified  crystallized  form,  but  that  the  semi- 
purified  preparations  arc  not  stable.  The  current  TLC 
methods  do  not  separate  aflatoxin  Mi  from  M2;  how- 
ever, Holzapfel  et  al.  (18)  have  developed  a  formamide- 
impregnated  paper  chromatographic  method  which 
will  separate  the  two.  Aspertoxin  has  the  same  TLC 
Ri  using  a  10  percent  acetone — 90  percent  chloro- 
form solvent  system;  however,  aspertoxin  is  separated 
from  aflatoxin  M  with  a  10  percent  acetic  acid— 90 
percent  chloroform  solvent  system  or  a  10  percent 
pyridine— 90  percent  chloroform  solvent  system  (19). 


Both  AOAC  peanut  procedures  and  the  Eppley 
multidetection  procedure  have  been  successfully  used 
for  the  aflatoxin  analysis  of  whole  corn.  However,  a 
sizable  amount  of  corn  in  the  United  States  is  proc- 
essed by  wet  milling  to  obtain  starch,  corn  sugar, 
and  corn  syrup  as  the  primary  products.  These  pri- 
mary products  can  be  readily  analyzed  but  the  by- 
products of  the  process  such  as  steep  water,  gluten 
meal,  corn  germ  meal,  and  gluten  feeds  require  some 
special  cleanup  techniques.  Dr.  R.  J.  Smith,  the 
AOAC  referee  for  this  topic,  has  developed  methods 
that  appear  to  be  adequate,  but  they  have  not  yet 
been  tested  by  collaborative  study.  However,  they 
have  been  effectively  used  to  carry  out  research  in- 
vestigating the  fate  of  aflatoxin  in  the  wet  milling 
process  (20). 

Experience  has  shown  that  while  most  grains  are 
quite  easily  analyzed,  some  do  present  analytical 
problems.  Dr.  Shotwell,  the  AOAC  referee  for  cereal 
grains,  has  reported  on  problems  associated  with  in- 
terfering fluorescent  material  from  the  hulls  of  oats 
(21).  She  has  described  a  TLC  solvent  system  capable 
of  resolving  these  interfering  substances  from  the  afla- 
toxins. Some  samples  of  wheat  and  malted  barley 
also  present  some  interference  difficulties.  In  many 
instances  it  has  been  found  that  a  common  procedure 
can  be  employed  for  the  extraction  and  cleanup  of 
the  aflatoxins  for  a  number  of  grains  and  that  the 
interfering  substances  from  a  particular  grain  can  be 
overcome  by  employing  a  TLC  solvent  system  capable 
of  resolving  the  aflatoxins  and  interfering  substances. 

Coffee,  cocoa,  and  tea  are  difficult  to  analyze.  The 
alkaloids  are  a  cause  of  much  of  the  difficulty  because 
caffeine  and  theobromine  have  very  nearly  the  same 
solubility  characteristics  as  the  aflatoxins,  and  the 
solvent  extraction  systems  remove  both  simultane- 
ously. The  problem  then  is  one  of  separating  a  small 
amount  of  aflatoxins  from  a  relatively  large  amount 
of  alkaloids. 

Dr.  Levi,  the  AOAC  associate  referee  for  coffee, 
working  with  Borker  (22),  and  Scott  (23)  have  pub- 
lished methods  for  coffee  employing  Florisil  in  the 
cleanup  step  of  the  procedures.  We  have  not  found 
Florisil  to  be  uniform  from  lot  to  lot  in  its  ability  to 
bind  the  aflatoxins.  Losses  of  up  to  75  percent  of 
added  Bi  and  as  much  as  100  percent  of  the  G 
aflatoxins  have  been  observed  in  our  laboratories.  In 
spite  of  these  losses  the  methods  are  still  very  sensitive 
for  aflatoxin  Bi.  Employing  Levi's  method,  we  have 
been  able  to  detect  as  littie  as  2*xg.  of  added  aflatoxin 
Bi  in  green  coffee. 

Dr.  Scott,  the  AOAC  associate  referee  for  cocoa 
and  tea,  has  recently  published  a  method  for  green 
cocoa  which  uses  a  silver  nitrate  precipitation  step  to 
separate  the  aflatoxins  (24).  A  collaborative  study  of 
the  method  is  under  consideration.  The  method  is 
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not  effective  for  roasted  cocoa,  however.  Tea  presents 
one  of  the  most  challenging  analytical  problems  en- 
countered to  date  because  of  some  interferences  in 
addition  to  the  alkaloids,  and  efficient  methods  are 
yet  to  be  developed. 

Mixed  feeds  present  one  of  the  most  difficult  afla- 
toxin  analytical  problems  due  to  the  number  of  in- 
gredients which  contain  interfering  substances.  Some 
of  these  ingredients,  such  as  the  corn  wet  milling 
byproducts,  cottonseed  meal,  and  alfalfa  meal  are 
difficult  to  analyze  even  by  themselves,  and  the  diffi- 
culties are  much  greater  when  they  are  mixed.  Also, 
the  need  for  the  detection  of  very  low  levels  of  con- 
tamination in  some  feeds,  such  as  trout  rations,  can 
present  additional  problems.  For  example,  the  U.S. 
Fish  and  Wildlife  contracts  for  these  rations  specify 
1  fig.  or  less  aflatoxins  per  1  kg.  Mr.  Virgil  Hill,  the 
AOAC  referee  for  mycotoxins  in  mixed  feeds,  is  ac- 
tively pursuing  the  problem. 

Reagent  Performance  Tests 

Experience  is  revealing  the  importance  of  the  use 
of  performance  tests  for  some  of  the  troublesome  rea- 
gents such  as  the  silica  gels  and  filter-aids  used  in 
aflatoxin  analyses.  The  AOAC  methods  specify  silica 
gel  GHR  because,  when  they  were  written  several 
years  ago,  this  was  the  best  silica  gel  available  and 
the  only  one  capable  of  consistently  resolving  the  four 
aflatoxins.  Many  laboratories  have  subsequently  ex- 
perienced difficulty  in  obtaining  satisfactory  supplies 
of  GHR  and  currently  at  least  two  or  three  different 
brands  are  available  which  are  superior  to  the  one 
specified  in  the  AOAC  methods.  A  recommendation 
was  made  by  the  associate  referee  for  aflatoxin  meth- 
ods and  adopted  in  1968  to  amend  the  AOAC  pro- 
cedures to  allow  for  the  use  of  a  TLC  silica  gel 
which:  (a)  Resolves  the  aflatoxins  to  give  four  distinct 
fluorescent  spots,  and  (b)  resolves  any  particular  inter- 
fering substances  of  products  being  analyzed  from  the 
aflatoxins.  Wc  understand  that  in  practice  many  lab- 
oratories have  already  discontinued  the  use  of  the 
specified  silica  gel  for  more  acceptable  brands.  We 
recommend  that  the  performance  standards  procedure 
of  Pons  and  Goldblatt  (25),  employing  densitometry, 
be  used  when  possible.  It  is  hoped  that  the  silica  gel 
suppliers  will  consistently  produce  products  which 
will  meet  the  stringent  requirements  of  aflatoxin  anal- 
yses. 

Hyflo  Super-Cel'  is  specified  as  a  filter  aid  in  the 
CB  procedure  (6).  No  differences  were  observed  be- 
tween the  performance  of  13  lots  studied  for  uniform- 
ity. However,  Filter  Ccl  (another  filter-aid  sold  by 
the  same  company)  tenaciously  held  the  aflatoxins. 

Trade  name  o<  a  fliter-ald  produced  and  told  by  Johw-Manvillc  Co«p. 


We  recommend  that  all  new  lots  of  filter-aids  be 
checked  for  their  suitability  before  they  are  used. 

Column  silica  gels  are  currently  under  study  and 
preliminary  results  indicate  that  it  may  also  be  neces- 
sary to  develop  performance  standards  for  these. 
Various  batches  of  Florisil,  another  adsorbent  used  in 
column  chromatography,  were  found  to  behave  differ- 
ently in  the  development  of  the  methods  for  green 
coffee. 

Other  Mycotoxins 

Some  of  the  more  recent  developments  in  the  myco- 
toxin  field  will  require  analytical  procedures  before 
their  significance  as  health  hazards  can  be  properly 
evaluated.  Figure  3  shows  some  of  the  naturally  occur- 
ring compounds  closely  related  to  sterigmatocystin,  a 
mycotoxin  isolated  and  characterized  by  Bullock  et 
al.  (26)  which  is  reported  by  Dickens  et  al.  (27)  and 
by  Purchase  and  van  der  Watt  (28)  to  be  a  carcinogen. 
O-Methylsterigmatocystin  was  isolated  from  an  afla- 
toxin-producing  strain  of  Aspergillus  ftavus  by  Burk- 
hardt  and  Forgacs  (29).  Aspcrtoxin  has  been  obtained 
from  two  different  isolates  of  A.JIavus,  and  its  chemical 
structure  was  established  independently  and  at  very 
nearly  the  same  time  by  Waiss  et  al.  (30)  and  Rod- 
ricks  et  al.  (31).  Aspertoxin  has  been  shown  to  be 
toxic  to  chicken  embryos  (19)  and  zebra  fish  larvae 
(32).  It  is  fluorescent  but  considerably  less  so  than 
the  aflatoxins.  This  indicates  that  other  techniques 
will  be  needed  for  satisfactory  methods.  Holzapfel  et 
al.  (33)  have  published  a  method  for  sterigmatocystin 
based  on  silica  gel  TLC  fluorescence,  however,  this 
method  is  relatively  insensitive.  A  more  recent  report 
from  Vorstcr  and  Purchase  (34)  describes  a  more 
sensitive  method  based  on  the  conversion  of  sterig- 
matocystin to  its  more  highly  fluorescent  monoacetate 
derivative. 

Patulin  is  a  toxic  metabolite  produced  by  a  number 
of  molds,  some  of  which  are  associated  with  food 

R" 

Sterigmatocystin  (R*R'«R"»H) 

6-METHOXYSTERIGMATOCYSTIN  (R=R**H,  R^OCHjJ 

O-Methylsteriomatocystin  (R«R»H,R»CHj) 
ASPERTOXIN  (ROH,R'*CH3,  R^H) 

Figure  3.— Tho  Sterigmatocystin  group  of  DHFF  compounds. 
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spoilage.  One  of  these,  Penkillium  expansum,  is  respon- 
sible for  much  of  the  storage  rot  in  apples,  and  patulin 
has  been  found  in  apple  juice  obtained  from  apples 
afflicted  with  rots  caused  by  this  mold.  Patulin  is 
toxic  to  a  number  of  organisms  and  has  been  shown 
to  be  a  carcinogen  for  some  warm-blooded  animals 
(35). 

Several  methods  for  patulin  are  available  based  on 
color  reactions.  A  disadvantage  of  the  colori metric 
reactions  is  relatively  poor  sensitivity.  Pohland  ct  al. 
{36)  of  our  laboratories  are  developing  a  GEC  method 
which  is  quite  sensitive.  The  patulin  is  readily  ex- 
tracted from  apple  juice  by  ethyl  ether  and  the  ace- 
tate is  formed  using  acetic  anhydride  in  pyridine. 
The  reaction  requires  about  15  hours  for  completion 
and,  because  the  reaction  product  is  not  stable,  the 
GLC  analysis  must  be  carried  out  within  one  day 
after  preparation  of  the  derivative.  He  has  also  formed 
the  silyl  ether  and  the  chloro  acetate  derivatives.  The 
silyl  ether  has  a  number  of  undesirable  characteristics 
but  the  chloro  acetate  is  particularly  attractive  be- 
cause the  chlorine  atom  allows  for  the  use  of  the  very 
sensitive  electron  capture  detector. 

Steyn  and  Holzapfel  (37)  have  recently  reported 
an  additional  ochratoxin,  the  methyl  ester  of  ochra- 
toxiu  A  (fig.  1).  They  report  it  to  be  as  toxic  as  A 
and,  contrary  to  an  earlier  report  (38),  now  find  that 
ochratoxin  C,  the  ethyl  ester,  is  likewise  as  toxic  as  A. 
Emphasis  on  analysis  to  date  has  been  placed  on 
ochratoxin  A,  but  with  the  new  toxicity  information 
on  the  esters,  it  now  appears  that  methodology  should 
be  capable  of  detecting  the  three  closely  related  toxins 
in  order  to  effectively  evaluate  the  potential  hazard 
from  this  group  of  toxins. 

Mirocha  ct  al.  (39)  reported  another  estrogenic 
compound  closely  related  to  zearalenone,  the  toxic 
metabolite  produced  by  Gibbertlla  Zfae.  More  recently 
they  (40)  reported  a  number  of  closely  related  coin- 
pounds.  Published  methods  of  Eppley  (13),  and  Miro- 
cha et  al.  (41),  determine  zearalenone  alone.  In  light 
of  these  recently  discovered,  closely  related  com- 
pounds, consideration  should  be  given  to  methods 
capable  of  detecting  this  group  of  compounds. 

Chemical  Confirmation  Methods 

Confirmation  methods  have  particular  significance 
for  regulatory  agencies  as  well  as  for  research  and 
investigational  studies,  but  they  are  of  much  less 
importance  for  control  purposes.  In  the  latter  instance 
the  analysts  arc  usually  quite  familiar  with  the  partic- 
ular material  being  analyzed  and  the  extraneous 
fluorescence  and  interference  associated  with  the 
particular  material. 

The  chemical  derivative  test  (7)  of  Andrcllos  and 
Rcid  (42)  is  reliable  for  the  aflatoxins.  We  find  that  a 
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Figure  4.— Structure  of  ochratoxin  A. 

good  test  can  be  obtained  with  approximately  1  jug.  of 
"TLC  pure  B|."  However,  the  ease  with  whicli  it 
can  be  carried  out  depends  greatly  upon  the  extent 
of  the  contamination  of  the  sample.  As  mentioned 
earlier,  however,  when  the  analyst  is  quite  familiar 
with  the  commodity  he  can  rely  more  heavily  on  past 
experience  and  a  different  solvent  system  can  be  used 
effectively  (43).  For  example,  some  peanut  products 
contain  a  fluorescent  material  easily  confused  with 
the  G  aflatoxins  when  using  the  acetone-chloroform 
solvent  system.  This  same  material  has  approximately 
the  same  Rf  as  the  B  aflatoxins  when  using  the  ben- 
zenc-cthanol-water  system.  Consequently,. both  of  the 
AOAC  procedures  for  peanuts  specify  the  use  of  a 
confirmation  solvent  system  for  the  G  aflatoxins. 

Ochratoxin  A  can  be  confirmed  by  transferring  it 
into  aqueous  sodium  bicarbonate  with  subsequent  re- 
formation of  the  ochratoxin  A  by  acidification.  In 
addition,  "  TLC  pure  ochratoxin  A"  can  be  obtained 
from  silica  gel  preparatory  plates,  and  the  methyl  or 
ethyl  esters  can  be  formed  and  observed  by  TLC. 
This  technique  was  recently  used  by  Shotwell  (14)  to 
confirm  a  naturally  occurring  ochratoxin  contamina- 
tion in  corn.  This  is  the  first  report  of  a  natural 
occurrence  of  this  toxin. 

Zearalenone  contamination  can  be  verified  by  Mi- 
rocha's  (41)  GI.C  method  using  the  silyl  ester  deriva- 
tives. 

Experience  with  the  aflatoxins  and  ochratoxins  has 
shown  that  it  is  not  uncommon  to  encounter  fluores- 
cent materials  which  can  be  easily  misinterpreted  as 
the  toxin.  Consequently,  it  is  reasonable  to  expect 
that  confirmation  methods  will  be  required  for  the 
recently  discovered  mycotoxins  in  order  to  evaluate 
their  potential  as  food  toxins. 
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Summary 

The  influence  of  temperature,  relative  humidity, 
oxygen,  and  carbon  dioxide  on  aflatoxin  production 
by  Aspergillus  flatus  in  peanuts  (Arachis  hypogaea)  and 
soybeans  (Glycine  max)  was  investigated  under  con- 
trolled environments. 

The  lower  limiting  temperature  for  aflatoxin  pro- 
duction was  about  12°  C,  whereas  the  upper  limiting 
temperature  was  approximately  41°  C.  at  99  percent 
relative  humidity.  The  limiting  relative  humidity  and 
temperature  varied  slightly  depending  on  kind  and 
quality  of  seed.  The  ratio  of  aflatoxin  Bi  to  Gi  varied 
with  temperature;  generally,  the  ratio  was  approxi- 
mately one  at  30°  C,  less  than  one  at  temperatures 
below  30°  C,  and  more  than  one  at  temperatures 
above  30°  C.  The  limiting  relative  humidity  was  ap- 
proximately 83  percent  or  higher  at  30"  C,  varying 
with  the  kind  and  quality  of  the  substrate  and  length 
of  the  incubation  period. 

Reducing  oxygen  concentration  generally  reduced 
aflatoxin  production,  notably  so  when  oxygen  was 
reduced  from  5  to  1  percent.  Aflatoxin  production 
decreased  with  increasing  concentrations  of  carbon 
dioxide  from  0.03  to  100  percent.  The  inhibitory  effect 
of  carbon  dioxide  on  aflatoxin  production  was  greatly 
enhanced  with  a  decrease  in  temperature  and  relative 
humidity.  Aflatoxin  was  not  produced  in  peanuts 
stored  14  days  at  86  percent  RH  in  60  and  40  percent 
carbon  dioxide  at  25°  C,  and  at  92  and  86  percent 
RH  in  20  percent  carbon  dioxide  at  17°  C. 

Introduction 

Four  environmental  factors  which  affect  the  pro- 
duction of  aflatoxin  by  Aspergillus  flams  growing  on 
peanuts  have  been  extensively  investigated  at  Auburn 
University.  These  are  relative  humidity,  tempera- 
ture, oxygen,  and  carbon  dioxide  (5,  6,  7,  8,  11,  13). 
Factors  affecting  the  production  of  aflatoxin  in  soy- 
beans (9)  and  in  nutrient  solution  (1,  2,  3,  4,  5,  10) 
have  also  been  studied.  This  report  summarizes  much 
of  the  data  obtained  in  our  laboratory  concerning  the 
effect  of  relative  humidity  (RH),  temperature,  oxygen 


(Oa),  and  carbon  dioxide  (C02)  on  aflatoxin  pro- 
duction by  A.  flams. 

Materials  and  Methods 

Relative  humidity  and  temperature  studies. — 

Studies  concerned  with  RH  and  temperature  were 
conducted  using  eight  Blue  M  Power-O-Matic  60 
(model  CFR-7752C)  saturable  reactor,  proportionally 
controlled,  refrigerated,  humidity  cabinets  having  10 
ft.3  working  chambers,  7-day  recording  psychrometers, 
and  self-contained  water  purification  systems.  Both 
peanuts  (Arachis  hypogaea  L.  "Early  Runner"  and 
"Florigiant")  (5,'  6,  7,  8)  and  soybeans  (Glycine 
max  "Bragg")  (9)  have  been  studied.  Peanut  sub- 
strates consisted  of  sound  mature  kernels;  broken 
mature  kernels  simulating  "damaged"  and  "loose 
shelled"  kernels;  immature  kernels  or  "pegs";  and 
kernels  from  peanuts  incubated  with  intact  shells  or 
unshelled  peanuts. 

Seed  were  inoculated  by  spraying  with  a  suspension 
of  spores  (A.  flams,  isolate  Ala-6)  calculated  to  give 
approximately  12  to  15  million  spores  per  900  g.  of 
seed.  Seed  were  incubated  at  various  combinations  of 
temperature  (10  to  45°  C.)  and  RH  (70  to  99  percent) 
for  intervals  of  7,  21,  42,  and  84  days.  Aflatoxin  was 
quantitatively  determined  using  the  method  of  Pons 
and  Goldblatt  (12).  Materials  and  methods  used  in 
relative  humidity  and  temperature  studies  have  been 
described  fully  elsewhere  (5,  6",  7,  8). 

Oxygen  and  carbon  dioxide  studies.— Sound, 
mature  kernels  of  Early  Runner  peanuts  were  surface- 
disinfested  with  1  percent  sodium  hypochlorite  for  2 
minutes  and  sprayed  with  a  suspension  of  spores  of  A. 
flatus.  Inoculated  peanuts  were  placed  in  1.25-liter 
culture  flasks  (150  to  200  g.  of  peanuts  per  flask)  and 
gas  mixtures  of  specified  composition  and  controlled 
relative  humidity  passed  through  the  culture  vessel 
(150  to  250  cc.  per  min.)  for  2  weeks.  The  culture 
vessels  were  partially  submerged  in  a  controUed-tem- 
peraturc  water  bath.  Materials,  methods,  and  appa- 
ratus used  in  these  experiments  have  been  fully 
described  elsewhere  (//,  13).  Aflatoxin  was  quantita- 
tively determined  as  previously  described  (12). 
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Results  and  Discussion 

Temperature  studies.— The  effects  of  temperature 
on  aflatoxin  production  by  A.  flavus  growing  on  pea- 
nuts, soybeans,  and  synthetic  medium  {3)  are  illus- 
trated in  tables  1,  2,  and  3,  respectively.  Generally, 
the  proportion  of  aflatoxin  Bi  to  Gi  increased  direcdy 
with  temperature.  In  most  studies,  the  ratio  was  ap- 
proximately one  at  30°  C,  greater  than  one  at  tem- 
peratures above  30°  C,  and  less  than  one  at  tempera- 
tures below  30°  C.  The  ratio  per  se  varied  with  the 
quality  and  nature  of  the  substrate  as  well  as  with 
temperature.  From  these  and  other  studies  (5,  6,  7, 
8,  9),  it  appears  that  aflatoxin  Gj  is  less  stable  than 
Bi  at  temperatures  above  30°  C.,  and  that  this  ac- 
counts for  the  different  ratios  observed  at  different 
temperatures. 

The  lowest  temperature  at  which  aflatoxin  produc- 
tion ordinarily  occurred  was  approximately  14  C.  in 
peanuts  (table  1)  and  13°  C.  in  soybeans  (table  2). 
However,  some  aflatoxin  has  been  found  at  12°  C.  in 
extensively  damaged  peanut  kernels  (6").  The  lowest 
temperature  for  aflatoxin  production  in  synthetic  nu- 
trient solution  (table  3)  was  20°  C.  Little  or  no  fungus 
growth  occurred  in  nutrient  solution  at  15°  C.  The 
upper  temperature  for  aflatoxin  production  was  40°  C. 
in  peanuts  (table  1)  and  soybeans  (table  2),  and 
35°  C.  in  nutrient  solution  (table  3). 

Relative  humidity  studies.— The  effect  of  RH  on 
growth  and  aflatoxin  production  in  peanuts  (6")  and 
soybeans  (9)  is  presented  in  tables  4  and  5,  respec- 
tively. The  lowest  RH  for  aflatoxin  production  in 
peanuts  was  approximately  84  percent  (table  4):  no 
aflatoxin  was  produced  in  peanuts  at  82  percent  RH. 
The  lowest  RH  for  aflatoxin  production  in  soybeans 
was  approximately  92  percent  (table  5). 

The  limiting  RH  for  aflatoxin  production  in  sound 
mature  kernels  was  83.5±0.5  percent  RH,  whereas 
the  limiting  temperatures  were  13.5°±0.5°  C.  and 

Table  1.— Aflatoxin  production  by  Aspergillus  flavus  in 
"  i  sound  mature  peanuts  incubated  for 
21  days  at  99  percent  RH 


Temperature 


(degrees 
centigrade) 

Bi  <Mg-/g.) 

G>  (Mg./g.) 

Ratio. 

Bi:Gi 

12 

0 

0 

14 

1.7 

1.4 

1.2 

15 

6.9 

17.6 

.4 

20 

84.2 

213.3 

.4 

25 

83.3 

159.9 

.5 

30 

94.9 

106.6 

.9 

35 

126.6 

53.3 

2.4 

40 

2.5 

1.0 

2.5 

43 

(') 

(') 

(') 

Table  2.— Aflatoxin  production  by  Aspergillus  flavus  in 
i  incubated  for  21  days  at  99  percent  RH 


Anatoxins 


(degrees 
centigrade) 

B,  (Mg./g.  ) 

G,  (pg./g.) 

Ratio, 
B,:G, 

n 
U 

u 

13 

.1 

.1 

17 

.4 

.1 

20 

22.7 

60.3 

0.4 

25 

41.3 

140.3 

.3 

30 

138.3 

156.8 

.9 

35 

49.5 

22.4 

2.2 

38 

11.1 

1.5 

7.4 

40 

.3 

(') 

44 

0 

0 

'Trace  or  lens  tin 

u>  1 

Table  3.— Aflatoxin  production  by  Aspergillus  flavus  in 
synthetic  nutrient  solution  incubated 
21  days  in  stationary  culture 


Aflatoxins 


Temperature 

(degrees 
centigrade) 


Bi  0*./ 
100  ml.) 


O,  („g./ 
100  ml.) 


Ratio, 
B,:G, 


15 
20 
25 
30 
35 
40 


0 

460 
1,150 
3,450 
1,150 
0 


0 

4,000 
6,000 
3,000 
400 
0 


0.1 
.2 
l.l 

2.9 


Table  4. -Aflatoxin  production  by  Aspergillus 
flavus  in  sterile  sound  mature  peanuts  i 
for  21  days  at  30*  C. 


Relative 
humidity 
(Percent) 


Total 

(/lg./g.) 


82.   

83   

84   

85  

87   

90  

95  - 

99   

'Truce  or  lc«s  than  1  j«.As. 


Table  5.— Aflatoxin  production  by  Aspergillus 
flavus  in  soybeans  incubated  for  21  days  at  30*  C. 


0 

.•> 

1.9 
29.8 
60. 1 
92.7 
190.5 


Relative 
humidity 
(Percent) 


Anatoxin  (/ig./g.) 


85. 
87. 
92. 
95. 
99. 


1.6 
4.3 
376.3 


'Trace  or  lew  tlum  1  >ig./lqr. 


'Tra«:  or  lea*  thun  1  *g./kg. 
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40.5°±0.5°  C.  (tabic  6).  Long  incubation  periods  (84 
days)  were  used  with  stored  unsterile  peanuts  as  these 
data  would  have  greater  applied  significance.  The 
limiting  RH  and  upper  limiting  temperature  for  bro- 
ken mature  or  damaged  kernels  were  the  same  as  for 
sound  mature  kernels;  i.e.,  83.5±0.5  percent  RH  and 
40.5°±0.5°  C.  (table  7).  Damaged  kernels  developed 
anatoxin  at  lower  temperatures  (12°  C.  for  sterile  and 
13°  C.  for  unsterile  peanuts)  than  sound  mature  ker- 
nels. At  the  reduced  temperature  of  20°  C,  the  lim- 
iting RH  for  mature  kernels  (sound  or  broken)  was 
84.5±1.5  percent.  The  limiting  RH  and  upper  limit- 
ing temperature  for  immature  kernels  were  the  same 
as  for  the  other  shelled  peanuts,  but  the  lower  limiting 
temperature  was  I4.5°±0.5°  C,  which  was  slightly 
higher  than  for  mature  kernels  (tabic  8).  At  20°  C, 
aflatoxin  developed  at  89  percent  RH  in  84  days 
(table  8).  The  limiting  relative  humidity  for  aflatoxin 
formation  in  kernels  from  unshellcd  peanuts  was  85.5 
±0.5  percent  and  the  limiting  temperatures  were  1 7° 
±  1°  C.  and  40.5°±0.5°  C.  (table  9).  Peanuts  in  the 
shell  appeared  to  be  slightly  more  resistant  to  A.  flavus 
invasion  and  aflatoxin  formation  than  shelled  kernels; 
however,  this  resistance  was  primarily  associated  with 
living  kernels  from  freshly  dug,  surface  disinfested 
pods  of  stored  fanners  stock  peanuts.  At  20°  C.  there 
was  little  fungus  invasion  and  aflatoxin  formed  except 
at  the  highest  RH. 

Generally,  it  appears  that  the  limiting  relative  hu- 
midity for  aflatoxin  elaboration  in  agricultural  com- 
modities is  83.5±0.5  percent  depending  on  the  nature 
of  the  substrate  and  length  of  the  storage  period. 
"Safe  Storage"  moisture  to  avoid  A.  flavus  growth  and 
aflatoxin  formation  then  appears  to  be  that  moisture 
content  of  the  agricultural  commodity  that  is  in  equi- 
librium with  a  RH  of  83  percent  or  less.  This  moisture 
is  in  the  range  of  9  to  10  percent  for  peanuts  and  17 
to  18  percent  for  soybeans.  The  lower  limiting  tem- 
perature for  aflatoxin  elaboration  in  peanuts  and  soy- 
beans was  about  12.5°±0.5°  C.  except  that  in  the 
case  of  heat-treated  (sterile),  damaged  kernels  afla- 
toxin formed  at  12°  C.  The  upper  limiting  tempera- 
ture for  aflatoxin  was  40.5°±0.5C  C.  for  all  peanut 
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Table  6.— Limiting  environments  for  aflatoxin 
production  by  Aspergillus  flavus  in  sound 
mature  kernels  (21  days) 


Peanuts 


Limiting 

environment  H  cat-killed  Unsterile 


RH  at  30°  C  85.5  ±  0.5  percent.  84.5  =fc  0.5  percent. 

83.5  ±  0.5  percent.1 

Temperature  at 
98  percent  RH...  13.0*  ±  1.0°  C..._  12.0'  ±  2.0°  C. 

13.5'  ±0.b°  C 
40.0'  ±  1.5°  C..._  40.5=  ±  0.5°  C. 
RH  at  20=  C  _    84.5  ±  1.5  percent.' 


'Inrubut«J  S4  duvi>. 

Table  7.— Limiting  environments  for  aflatoxin 
production  by  Aspergillus  flavus  in  broken  mature 
kernels  (21  days) 


Peanuts 

Limiting 

environment  Heat-killed  Unsterile 


RH  at  30°  C  85.5  ±  0.5  percent.  84.5  ±  0.5  percent. 

83.5  ±  0.5  percent.1 

Temperature  at 

98  percent  RH..    U.0:  ±  1.0*  C  12.0°  ±  2.0a  C. 

12.5*  ±0.5°  C 
40.0°  ±  1.5"  C...  40.5°  ±  0.5°  C. 
RH  at  20'  C  84.5  ±  1.5  percent.1 


>Incubnt«d  84  days. 

Table  8.— Limiting  environments  for  aflatoxin 
production  by  Aspergillus  flavus  in  immature 
kernels  (21  days) 


Peanuts 


Limiting 

environment  Heat-killed  Unsterile 


RH  at  30J  CI  85.5  ±  0.5  percent.  84.5  =fc  0.5  percent. 

83.5  =fc  0.5  percent.1 

Temperature  at 

98  percent  RH...  14.5=  ±  0.5'  C_„.  12.5C  ±  2.5°  C. 

14.5°  ±  0.5°  C.1 
40.0-  =fc  l.5aCL...  41.5s  ±  1-5C  C. 
RH  at  20°  C  _   89.0  ±  3.0  percent.1 


'Incubated  84  day.. 


Table  9.-Limiting  environments  for  aflatoxin  production  by  Aspergillus  flavus  in  kernels  from  unshelled  peanuts  (21  days) 


Peanuts 


Limiting  environment  Heat-killed  Freshly  dug1  Unsterile 


RH  at  30°  C  86.5  ±  0.5  percent   84.0  ±  1.0  percent   80.5  ±  0.5  percent. 

85.5  ±  0.5  percent. - 

Temperature  at  98  percent  RH  13.0"  ±  1.0°  C    I7.5r  ±  2.5°  C   22.5s  ±  2.5°  C. 

17.0°  ±  1.0°  C.» 

40.0s  ±  1.5"  C  37.5°  ±  2.5"  C  40.5°  =fc  0.5°  C. 

RH  at  20°  C    95.0  ±  3.0  percent.2 


•Frmhly  dug.  »urf»ce  di*inle*t«-d  pods. 
■Incubated  84  day*. 
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substrates.  Growth  and  sporulation  by  the  fungus  were 
just  as  profuse  at  43°  as  at  40°  C,  but  no  aflatoxin 
formed. 

Oxygen  and  carbon  dioxide  studies.— The  effect 
of  O2  on  aflatoxin  production  in  peanuts  is  shown  in 
table  10.  Aflatoxin  elaboration  was  not  diminished 
when  the  02  concentration  was  lowered  from  21  to 
15  percent;  however,  a  subsequent  decrease  of  O2 
concentration  caused  a  corresponding  decrease  in 
aflatoxin.  Greatest  decreases  in  aflatoxin  production 
occurred  when  O2  was  lowered  from  5  to  1  percent 
and  from  1  to  0. 1  percent. 

Aflatoxin  elaboration  varied  inversely  with  C02 
concentration  (table  11).  Virtually  no  aflatoxin  was 
produced  in  peanuts  stored  2  weeks  at  30°  C.,  99 
percent  RH,  and  100  percent  CO2.  However,  storage 
of  peanuts  in  CO2  concentrations  of  80  percent  or 
greater  generally  led  to  the  development  of  rancidity, 
probably  due  to  anaerobic  respiratory  processes  in 
the  seed.  Decreasing  the  temperature  enhanced  the 
CO2  inhibition  of  aflatoxin  elaboration.  Aflatoxin 
elaboration  was  greatly  reduced,  but  not  completely 
prevented  by  60  percent  CO2  at  25°  C.  and  99  per- 
cent RH  (table  12).  When  the  RH  was  decreased  to 
92  and  86  percent,  little  or  no  aflatoxin  was  produced. 
Also,  virtually  no  aflatoxin  was  elaborated  at  25°  C. 
and  40  percent  CO2  when  the  RH  was  decreased  to 
86  percent  (table  13).  However,  20  percent  C02  in- 
hibited aflatoxin  production  only  slightly  at  25°  C. 
regardless  of  the  relative  humidity  (data  not  pre- 
sented). 

Table  14  summarizes  the  results  of  experiments  with 
20  percent  CO2  at  1 7°  C.  and  99,  92  and  86  percent 
RH.  Virtually  no  aflatoxin  was  produced  in  sound 
mature  peanut  kernels  stored  2  weeks  at  1 7°  C.  in  20 
percent  C02  and  92  or  86  percent  RH.  Little  or  no 
rancidity  developed  under  these  conditions  although 
slight  discoloration  of  the  seed  coat  was  noted  in 
some  cases.  Conceivably,  lowering  the  temperature 
further  might  make  it  possible  to  store  peanuts  in  still 


lower  levels  of  C02  for  longer  periods  of  time  with- 
out risking  aflatoxin  development.  Further  research 
will  be  necessary  to  establish  the  ideal  commercial 
storage  conditions,  the  limitations  involved  with  vari- 
ous types  of  structures,  and  the  methods  of  controlling, 
maintaining,  and  recording  temperature,  RH,  and 
gas  concentration. 


Table  10. — Effect  of  oxygen  on  production  of 
aflatoxin  by  Aspergillus  tlavus  on  peanuts  at 
30*  C. 


Concentration  of  gases  (percent) 


CO* 

o, 

Total 
aflatoxin  («-/g.) 

0.03 

21 

■79 

511.9 

0 

15 

85 

519.3 

0 

10 

90 

316.1 

0 

5 

95 

154.1 

0 

1 

99 

5.9 

0 

0.1 

99.9 

.1 

Uninoculatcd  check  

0 

'Air. 


Table  11.— Effect  of  carbon  dioxide  on  production  of 
aflatoxin  by  Aspergillus  tlavus  In  peanuts  at  30*C. 


Concentration  of  gases  (percent) 


Total 

CO, 

o» 

N, 

atlatoxin  (Mg-/g-) 

'0.03 

m 

'79 

299.4 

20 

20 

60 

74.6 

40 

20 

40 

35.4 

60 

20 

20 

19.8 

80 

20 

0 

.1 

100 

0 

0 

<2) 

Uninocula 

0 

'Air. 

«0.(J01  to  0.049  m.Iz 


Table  12.— Effect  of  relative  humidity  and  60  percent  carbon  dioxide  concentration 
on  production  of  aflatoxin  by  Aspergi7/us  flavus  on  peanuts  at  25*  C. 


Concentration  of  gases  (percent) 


COj  Oj  Nj  RH  (percent)  Total  aflatoxin  («?./g.) 


'0.03  '21  '79  99  206.3 

.03  21  79  92  111.9 

.03  21  79  86  72.1 

60  20  20  99  .2 

60  20  20  92  (') 

60  20  20  86  0 

Uninoculatcd  check   0 


'Air. 

•0.001  to  0.049  M./t. 
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Table  13.— Effect  of  relative  humidity  and  40  percent  carbon  dioxide  concentration 
on  production  of  anatoxin  by  Aspergillus  tlavus  on  peanuts  at  25*  C. 


Concentration  of  gases  (percent) 


CX)2  (.)»  Nj  RH  (percent)  Total  aflatoxin  (fjg./g.) 


'0.03  '21  '79  09  196.6 

.03  21  79  92  37.4 

.03  21  79  8li  11.8 

40  20  40  99  3.8 

40  20  40  92  .3 

40  20  40  86  0 

Uninoculated  check  , .    0 


•Air. 


Table  14.— Effect  of  relative  humidity  and  20  percent  carbon  dioxide  concentration 
on  production  of  aflatoxln  by  Aspergillus  tlavus  on  peanuts  at  17*  C. 


Concentration  of  gases  (percent) 


C02  Oi,  N2  RH  (percent)  Total  anatoxin  (»ig./g.) 


'0.03  '21  '79  99  57.1 

.03  21  79  92  2.5 

.03  21  79  86  .2 

20  20  60  99  .2 

20  20  60  92  0 

20  20  60  86  (*) 

Uninoculated  check   _  0 


'Air. 

•0.001  to  0.049  «t.  /«. 
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SURVEILLANCE  FOR  AFLATOXINS  OF  RICE 
AND  FERMENTED-RICE  PRODUCTS  IN  JAPAN 
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Food  Research  Institute,  Ministry  of  Agriculture  and  Forestry,  Japan 


Summary 

Extensive  studies  were  made  to  investigate  whether 
or  not  rice,  rice  koji,  miso,  and  industrial  koji-inold 
strains  (Aspergillus  oryzae)  in  Japan  contained  or  pro- 
duced aflatoxins.  Those  were  suspected  products  be- 
cause rice  is  considered  as  one  of  the  farm  products 
which  may  be  contaminated  with  aflatoxins,  and  miso 
is  made  from  rice  koji  (a  solid  culture  of  industrial 
koji-mold  strain)  and  A.  oryzae  is  closely  related  to 
Aspergillus  Jlavus  which  produces  aflatoxins. 

Intact  rice,  rice  which  was  subjected  to  microbial 
culture,  rice  koji,  miso,  and  liquid  or  solid  cultures  of 
koji-mold  strain  were  subjected  to  extraction  of  afla- 
toxin  with  chloroform.  The  extract  was  developed  on 
the  thin-layer  chromatogram  with  silica  gel  as  absorb- 
ent. When  aflatoxin-like  substances  were  detected, 
their  ultraviolet  absorption  spectra  and  fluorescence 
spectra  were  studied. 

Forty-six  samples  of  the  domestic  rice  from  all  the 
prefectures  in  Japan,  1 1  samples  of  imported  rice, 
108  samples  of  miso  from  almost  all  the  prefectures, 
28  samples  of  rice  koji  from  various  miso  factories  in 
eight  districts,  and  238  strains  of  the  koji-mold  were 
tested.  However,  no  aflatoxin  was  detected  in  any  of 
the  samples.  Even  the  aflatoxin-like  substances  which 
were  detected  in  some  samples  were  found  to  be 
different  from  aflatoxins  in  their  ultraviolet  absorption 
spectra.  Therefore,  we  conclude  that  no  contamina- 
tion by  aflatoxin  is  observed  in  the  rice  and  the 
fermented  rice  products  of  Japan. 

Introduction 

Japan  produces  about  13  million  tons  and  imports 
about  500,000  tons  of  rice  every  year.  Of  this  rice, 
both  domestic  and  imported,  the  greater  part  is  con- 
sumed as  a  staple  food  while  the  rest  is  processed 
into  sake,  miso  (fermented  soybean  paste),  and  other 
products. 

The  poisoning  of  poultry  which  occurred  in  Eng- 
land in  1960  led  to  the  discovery  that  some  strains  of 
A.  flatus  produce  aflatoxins  (16).  A  number  of  reports 
have  since  been  made  public  describing  the  distribu- 
tion of  aflatoxins  in  farm  products  (4,  6,  8,  10,  17,  18, 
20).  As  one  of  the  farm  products  which  may  be  con- 
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tarninated  with  aflatoxins,  rice  is  mentioned  (5,  10) 
In  fact,  when  strains  producing  aflatoxins  are  culti- 
vated using  rice  as  substrate,  the  toxins  are  copiously 
produced  (19). 

A.  jlavus  and  A.  parasiticus  arc  mold  strains  common 
in  every  region.  And  10  to  30  percent  of  strains  are 
said  to  produce  aflatoxins  (14).  It  was  reported  that 
aflatoxin-producing  A.  Jlavus  was  present  in  wheat 
and  red  bean  flours  in  Japan  (//,  12).  In  view  of  this 
report  the  authors  investigated  rice  produced  in  each 
prefecture  of  Japan,  as  well  as  rice  imported  from 
overseas,  for  the  presence  of  aflatoxins. 

On  the  other  hand,  since  the  aflatoxin-producing 
.-1.  flavus  is  a  species  closely  related  to  the  koji-mold, 
A.  oryzat,  used  in  the  fermentation  of  sake  and 
miso,  the  possible  aflatoxin  productivity  of  koji-mold 
strains  ordinarily  used  in  Japan  posed  a  problem. 
Masuda,  ct  al.  (13)  investigated  several  kinds  of  koji- 
startcrs.  Hesseltine,  et  al.  (10)  tested  A.  oryzae  which 
was  isolated  from  koji-startcrs,  used  for  the  manufac- 
ture of  miso  in  Japan,  for  aflatoxin  productivity. 
Aibara,  et  al.  (1)  and  Murakami,  et  al.  (15)  per- 
formed the  same  assay  on  more  than  140  and  214 
koji-mold  strains,  respectively.  Yokotsuka,  et  al.  (22, 
23)  tested  73  koji-mold  strains  isolated  from  koji-start- 
crs. Among  the  tested  strains,  they  noticed  some  which 
produced  aflatoxin-like  substances  but  none  which 
produced  true  aflatoxins. 

With  the  object  of  collecting  all  the  koji-mold  strains 
now  in  practical  use  for  fermentation  of  sake  and  rice 
miso,  the  authors  procured  the  parent  strains  of  vari- 
ous koji-starters  from  the  All-Japan  Koji-Starter  As- 
sociation, a  major  koji-molds  supply  organization  in 
Japan,  and  added  them  to  the  koji-molds  collected 
from  main  breweries  and  preserved  in  the  Food  Re- 
search Institute.  All  of  these  strains  were  tested  as  to 
their  aflatoxin  productivity. 

Furthermore,  as  means  of  confirming  the  test  re- 
sults on  the  basis  of  actual  products,  the  authors 
tested  comparatively  large  quantities  of  rice  koji  (rice 
is  used  as  substrate  of  koji-mold)  as  well  as  of  miso 
products  collected  from  miso  plants  in  almost  all  the 
prefectures  of  Japan.  As  to  miso  products,  Hesseltine, 
et  al.  (10)  reported  that  they  had  not  observed  the 
presence  of  aflatoxin. 
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The  processing  of  rice  and  tniso  in  Japan  is  shown 
in  figures  I  and  2 

Rice  plant  Drying  on  Rocks — >  Threshing  > 


Podcy  — 
(Rough  rice) 


->Husking 


Storage 
in  warehouse 


1. 


and  storage  of  rice  in 


Rice  -  Sifting*  Cleaning-*  Soaking*  Cooking 
Koji-starter  


■>  Koji  rrcking 


1 


Soybeans  -  Si  <ting -^Cleaning-*  Soaking -»  Cooking 

Salt  >  Mixing 

Fermentation ->  SI  ending  end  Chopping ->Pccking- 
f/iso 


Figure  2.— Flow  sheet  of  miso 


Materials  and  Methods 

Domestic  rice.— One  kilogram  each  of  brown 
rice  (stored  fur  0.5  to  1.5  years),  produced  either  in 
1966  or  in  1967,  was  collected  from  all  the  46  pre- 
fectures of  Japan's  eight  districts. 

Imported  rice. — One  kilogram  each  of  rice  pro- 
duced in  various  foreign  countries  and  imported, 
cither  in  l'J66  or  in  1967,  was  collected. 

Koji-mold  strains. — One  hundred  and  sixty-two 
strains  of  major  koji-starter  parent  koji  molds,  which 
are  in  use  as  starters  in  production  of  koji  in  Japan, 
and  koji  molds  collected  from  major  breweries  and  76 
strains  of  koji  molds,  preserved  in  the  Food  Research 
Institute,  were  tested. 

Rice  koji.— Twenty-eight  samples  of  rice  koji  which 
is  now  being  produced  at  miso  plants  in  Japan  were 
collected  from  eight  districts  of  Japan.  The  amount 
of  each  sample  was  1 5  kg. 

Miso.— One  hundred  and  eight  products  which  are 
now  being  produced  were  collected  from  miso  plants 
in  various  prefectures  of  Japan.  The  amount  of  each 
sample  was  1  kg. 

Extraction  of  Aflatoxins 

Rice. — As  is  shown  in  figure  3,  the  rice  was  treated 
in  the  following  ways:  (I)  Intact  rice,  300  g.  was  not 


treated  before  extraction;  (2)  cultured  rice  was  pro- 
duced by  adding  8  ml.  of  sterilized  water  to  50  g.  of 
the  rice  and  micro-organisms  on  the  surface  of  its 
grains  were  cultivated  at  30°  C.  for  2  to  3  weeks;  (3) 
cultured  rice  was  also  produced  by  steeping  50  g.  of 
rice  in  100  ml.  of  antigormin  (containing  about  1 
percent  of  effective  chlorine)  in  order  fo  sterilize  the 
surface  of  the  grains.  Then,  the  rice  was  stirred  up  in 
100  ml.  of  sterilized  water  for  30  seconds  and  washed 
three  times.  After  draining,  micro-organisms  inside 
the  rice  grains  were  allowed  to  grow  out  at  30°  C.  for 
2  to  3  weeks. 


(1)  300  o  Rice 

(2)  50  o  Pice 


Omi  sterilized  water 


Cultivate  for  2-3  weeks 


ct  30"C 


(3)  50  3  3ic« 


-VSurfoce  sterilization  ■ 


Antiformin{1%  CI  )  (DO  sec) 

1 00  ml  * 


Wash  wit/i  sterilized  water 
100  rr.l.    Throe  tirr.es 


'Cultivate  for  2-3  weckoi 
ct  3C'C 


(D(2);3)- 


-> Crush  &  mix  for  30  sec- 


1 :  1  ::  Methanol  :  water 


Centrifuge 

Supernatant  — >Evaporcte  rr^trionol  — >  Shcke  tor  10nin- 
in  vacuum  Cnloroform 


Chloroform  layer  - 


Concentrate  to  D.-ynesi  & 

Dissolve  for  T|_C 


Figure  3.— Analytical  procedure  of  fluorescent  compounds 

In  rice. 


Each  of  the  intact  and  treated  rice  was  mixed  with 
a  mixture  of  methanol  and  water  (1:1)  and  homoge- 
nized with  a  Waring  blcndor  for  30  seconds.  After 
centrifugation,  the  supernatant  was  evaporated  under 
reduced  pressure  to  get  rid  of  methanol.  Chloroform 
was  added  to  the  residue  and  the  mixture  was  shaken 
for  10  minutes.  The  resultant  chloroform  layer  was 
concentrated  under  reduced  pressure  to  make  a 
sample  for  thin-layer  chromatography. 

Koji-Mold  Strains 

Liquid  culture.— Both  Czapck's  medium  and 
Sakaguchi's  medium  (2)  were  used.  F.ach  koji-mold 
strain  was  inoculated  on  100  ml.  of  the  medium  in  a 
Fcrnbarh  flask  and  cultivated  at  30°  C  for  7  days 
under  static  conditions.  On  the  basis  of  the  methods 
of  Yokotsuka,  T.,  et  al.  (22),  Hartley,  R.  I).,  «  al.  (9), 
Deiongh,  H.,  et  al.  (7),  the  culture  liquid  was  ex- 
tracted with  chloroform.  The  culture  liquid  was 
shaken  together  with  an  amount  of  chloroform  cor- 
responding to  one-third  of  its  volume.  The  procedure 
was  repeated  three  times.  The  chloroform  extracts 
were  condensed,  at  approximately  50°  C,  under  re- 
duced pressure.  The  resultant  condensate  was  used 
as  the  sample  for  thin-layer  chromatography. 
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Solid  Cultures 

Rice. — The  domestic  rice,  milled  at  an  85  percent 
retention  rate,  was  washed  and  steeped  in  water  over- 
night. After  draining  and  steaming,  40  to  50  g.,  in 
terms  of  the  initial  weight,  was  sterilized  under 
pressure  in  a  cotton-stoppered  Erlenmeyer  flask. 

Wheat. — One  hundred  g.  of  crushed  wheat  was 
stirred  up  in  60  g.  of  water  and  40  g.  of  the  swollen 
wheat  was  similarly  sterilized. 

Soybean.— Raw  soybean  and  defatted  soybean 
were  used.  Raw  soybean  was  steeped  in  warm  water 
(above  15°  C.)  overnight.  After  draining,  50  g.  of  the 
swollen  soybean  was  similarly  sterilized.  In  the  case 
of  defatted  soybean,  100  g.  of  it  was  stirred  up  in  120 
g.  of  water  and  after  draining  40  g.  of  the  swollen 
soybean  was  similarly  sterilized. 

Peanut.— Raw  peanut  was  steeped  in  water  and 
dehulled  and  50  g.  of  the  swollen  peanut  was  similarly 
sterilized. 

On  each  of  the  above  sterile  media,  three  platinum 
loopfuls  of  a  culture  of  each  strain  were  inoculated. 
These  cultures  were  then  incubated  at  30°  C.  Twenty- 
four  hours  after  inoculation,  the  contents  in  each  flask 
were  well  stirred  up  by  shaking  and  incubation  was 
continued  at  30°  C.  for  6  days. 

After  completion  of  culture,  each  of  the  solid  media 
was  extracted  with  chloroform  by  means  of  Soxhlct's 
extractor.  The  extract  was  concentrated  to  30  to  50 
ml.  under  reduced  pressure.  The  concentrate  was 
mixed  with  cither  20  times  its  volume  of  petroleum 
ether  or  10  times  as  much  hexane  and  left  to  stand 
overnight  in  a  cold  chamber.  The  resultant  precipi- 
tate was  rcdissolvcd  in  chloroform  and  was  then  used 
as  the  sample  for  thin-layer  chromatography.  In 
the  case  of  media  containing  litde  fat  such  as  rice 
and  wheat,  this  precipitation  procedure  was  dis- 
pensed with. 

Rice  koji. — As  is  shown  in  figure  4,  about  15  kg. 
of  rice  koji  was  extracted  with  a  methanol-chloroform 
mixture  (1:9)  at  65°  to  75°  C.  for  24  to  36  hours  by 
means  of  a  large  extractor.  The  extract  was  condensed 
under  reduced  pressure.  The  resultant  condensate 
was  diluted  up  to  100  ml.  with  a  mixture  of  methanol 
and  water  (1M),  mixed  with  100  g.  of  celite  No.  545 
and  was  packed  in  a  column.  Hexane  was  allowed  to 
pass  through  the  column  in  order  to  remove  sub- 
stances soluble  in  that  solvent.  Then,  a  hcxane-chloro- 
form  mixture  (1*-1)  was  passed  through  to  elute 
chloroform-soluble  substances.  The  eluate  was  col- 
lected and  condensed  under  reduced  pressure  to  make 
the  sample  to  be  used  for  thin-layer  chromatography. 

Miso.— As  is  shown  in  figure  5,  200  g.  of  miso  was 
mixed  with  200  ml.  of  a  mcthanol-water  mixture 
(3M),  shaken  for  10  minutes  and  centrifuged.  One 
hundred  ml.  of  the  obtained  supernatant  was  mixed 


co.  15  kQ  Rice  Koji   >  Extract  by  Lorge-scole 

1  i  9  :i  Methanol  :  chloroform  Extractor 

— ^Concentrate  >  Dissolve  > 

in  vocuum  1:1::  Methanol  :  water 

100  ml  Extrocted  solution 

+  100  0  Celite  No. 543    _  ■     >      —  — — ? 

Pock  in  '       Wosri  with 

column  hexane 


 — >  Concentrate  to  Dryness  and 

Elute  with  Dissolve  for  Tl_C 

1:1       hexane  t 

chloroform 


Figure  4.— Analytical  procedure  of  fluorescent  compounds 
in  rice  koji. 


200  g  Miso  >  Shake  for  1 0  min  > 

3  i  1  :i  Methanol  :  woter  Centrifuge 
(200  ml) 

1 00  ml  Supemator.t  . 

♦  100  0C.>,..N0.545  zZ^T 

column       hexane         1 :  1  :;  hexane: 
chloroform 

 ^  Concentrate  to  Dryness  ana 

Dissolve  for  TLC 


Figure  5.— Analytical  procedure  of  fluorescent  compounds 
in  miso  (modified  FDA  method). 

with  100  g.  of  celite  No.  545  and  packed  in  a  column. 
From  the  column  a  sample  for  thin-layer  chromatog- 
raphy was  prepared  by  the  same  procedure  as  de- 
scribed for  rice  koji. 

Detection  of  aflatoxins.— For  adsorbents  in  the  thin- 
layer  chromatography  of  the  above-mentioned  sam- 
ples, Merck's  Silica  gel  G  and  Silica  gel  HR  were  used. 
The  0.3-mm.  thin  layer,  prepared  by  the  ordinary 
method,  was  dried  by  heating  at  105°  C.  for  2  hours 
in  order  to  be  activated  and  it  was  then  maintained 
in  a  cask  filled  with  desiccated  silica  gel.  As  developers, 
a  chloroform-acetone  mixture  (95:5)  was  used  for  the 
Silica  gel  G  thin  layer  while  a  chloroform-methanol 
mixture  (97:3)  was  used  for  the  Silica  gel  HR  thin 
layer.  Development  was  performed  by  the  ascending 
method.  After  completion  of  development,  the  thin 
layer  was  observed  for  emission  of  fluorescence  when 
illuminated  under  an  ultraviolet  ray,  wave  length  of 
365  mu,  in  the  dark.  Comparisons  of  unknown  sub- 
stances were  made  against  standard  aflatoxins. 

When  aria  toxin -I  ike  substances  were  detected,  a 
comparatively  large  amount  of  the  extract  was  col- 
lected; the  whole  extract  was  subjected  to  thin-layer 
chromatography;  each  fluorescent  band  on  the  thin 
layer  was  collected,  extracted  with  methanol  and  sub- 
jected to  thin-layer  chromatography  again.  The  ex- 
tract was  measured  for  its  ultraviolet  absorption 
spectrum  and  fluorescence  spectrum. 
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Results  and  Discussion 

Domestic  rice.— By  subjecting  the  extracts  of  the 
collected  samples  to  thin-layer  chromatography,  the 
authors  measured  their  Rf  values  close  to  those  of 
four  aflatoxins.  The  results  are  shown  in  figures  f> 
and  7.  The  samples  with  substances  showing  fluores- 
cent colors  similar  to  those  of  aflatoxins  are  marked 
with  #,  while  those  with  none  of  such  substances  are 
marked  with  O.  Doubtful  samples  are  marked  with 
<D. 


•  Doubtful 


Figure  6.— Distribution  of  aflatoxin-like  substances  in  do- 
mestic rice  harvested  in  1966  or  1967  from  each  prefecture 
of  Japan  (intact  rice). 

As  is  shown  in  figures  6  and  7,  of  46  samples  of 
domestic  rice,  aflatoxin-like  substances  were  detected 
in  five  samples  of  intact  rice  (plus  one  doubtful)  and 
in  nine  samples  of  rice  subjected  to  microbial  culture 
(plus  three  doubtful).  No  aflatoxin-like  substances 
were  detected  in  the  remaining  40  samples  of  intact 
rice  and  in  the  remaining  34  samples  of  cultured  rice. 

Imported  rice. — On  the  other  hand,  as  is  shown 
in  table  1,  of  11  samples  of  imported  rice,  aflatoxin- 


O  Doubtful 


Figure  7.— Distribution  of  aflatoxin-like  substances  in  do- 
mestic rice  harvested  in  1966  or  1967  from  each  prefecture 
of  Japan  (rice  subjected  to  microbial  culture). 


like  substances  were  detected  in  three  samples  of  in- 
tact rice  and  in  three  samples  of  cultured  rice. 

Koji-mold  strains,  liquid  culture. — As  is  shown 
in  table  2,  of  the  collected  238  strains  of  koji  mold,  52 
produced  aflatoxin-like  substances  and  25  samples 
were  doubtful. 

Koji-mold  strains,  solid  culture.— The  results  (ta- 
bic 3)  obtained  by  culture  on  native  solid  media 
were  almost  the  same  as  those  obtained  by  culture  on 
liquid  media.  The  peanut  medium,  however,  showed 
a  different  result.  The  strains  which  produced  afla- 
toxin-like substances  on  almost  any  other  medium 
did  not  produce  them  on  this  medium.  But  ATCC 
15517,  an  aflatoxin  producing  strain,  produced  afla- 
toxins on  all  media  including  the  peanut  medium. 

Rice  koji.— As  is  shown  in  figure  H,  of  28  samples 
of  rice  koji,  two  produced  aflatoxin-like  substances, 
while  one  sample  was  doubtful. 

Miso.— As  is  shown  in  figure  9,  of  the  108  samples 
tested,  aflatoxin-like  substances  were  produced  in 
three  samples.  Two  samples  were  doubtful. 
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Table  l.-Distribution  of  aflatoxin-like  substances  In  Imported  rice 


Aflatoxin-like  subsumes 


Producing  district 


Variety 


Grain  type 


Milling 


Intact  rice 


Cultured  rice 


Mecdone. 
Nga&ein. . 


Do  

Thailand  . 

U.S. A  _  Calrosc. 

Do  Nato--- 

Do  Pearl... 

China  Jojuku.. 

Do  Shochan 

Do  do.. 

Taiwan   Horai... 

Spain  


Long  Milled  i 

 do  do.. 

.  do  do.- 

 do.. 

 do.. 

Short  _._  do.. 

 do  do.. 

 do  do._ 

 do   Brown  i 

 do   Milled  rice. 


!- 


Round  grain  do. 


+ 
+ 


KANTO 


SHIKOKU 


Presence  of  Aflatoxin- 
like  Substonces 

#  Positive 

Negative 

Doubtful 


koji 


miso  factories  I 
of  Japan 


in  rice- 
in  eignt  districts 


Comparison  of  aflatoxin-like  substances 
with  aflatoxins 

Of  the  koji-mold  strains  which  produced  aflatoxin- 
like  substances,  most  produced  only  two  kinds  of  such 
substances  but  some  produced  as  many  as  five  to  six 
kinds.  Most  of  such  substances  had  Rf  values  close  to 


HOKKAIDO 


KANTO 


Presence  of  Af  lotoxin- 
like  Substances 


O 

CD 


Positive 
Negative 
Doutful 


Figure  ^-Distribution  of  aflatoxin-like  substances  in 
collected  from  each  prefecture  of 


those  of  aflatoxin  Bi,  B2  and  Gi.  These  strains  were 
mass-cultivated  on  crushed  wheat  media;  aflatoxin- 
like  substances  were  separated  from  those  culture  me- 
dia by  thin-layer  chromatography  and  the  ultraviolet 
absorption  spectra  and  fluorescence  spectra  of  the 
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Table  2.  Statistics  of  the  koji-molds  that  produce 
compounds  similar  to  4  aflatoxins  on  Czapek's  solution 


Aflatoxin-like 
fluorescent 

compounds  Anatoxin  Total 


Usage 

1 

r 

1 

0 

7 

34 

N 

47 

47 

21 

H 

30 

0 

(,:. 

65 

Sake  

4 

II 

25 

0 

29 

29 

0 

!> 

10 

0 

10 

10 

3 

1) 

:i 

0 

<> 

6 

Enzyme  

.  0 

u 

I 

0 

1 

. 

Shochu  (Spirits)... 

.  1 

<» 

.-; 

0 

4 

4 

Ama-zake 

I 

0 

2 

0 

3 

The  others  .. 

16 

10 

47 

u 

73 

73 

Total  

52 

25 

161 

0 

238 

238 

Percent  

21.8 

10,5 

67.7 

o 

100 

100 

Table  3.— Productivity  of  aflatoxin-like  substances 
on  solid  culture  by  koji-molds 


Soybean 


Number 
of  strain 

Cza- 
pek's 
solution 

Rice 

Wheat 

Raw 

De- 
fatted 

Peanut 

I 

4- 

4- 
I 

2 
3 

4- 
1 

< 

I 

? 

4- 
i 

■> 

4- 

j 

4 

? 

? 

;> 

6 

+ 

+ 

+ 

7 

» 

y 

10 

n 

12 

13 

14 

15 

16 
17 

+ 

+ 

+ 
+ 

+ 

18 

19 

? 

? 

? 

20 
21 

? 

+ 
? 

+ 

? 

+ 

+ 

22 

? 

23 

24 

+ 

4- 

25 

26 

27 
28 

29 

30 

> 

31 

32 
33 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

34 

35 

36 

+ 

+ 

+ 

37 

+ 

+ 

+ 

38 

39 

? 

40 
41 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

aflatoxin-like  substances  were  measured.  Some  of  the 
results  arc  shown  in  figures  10  and  11.  In  the  ultra- 
violet absorption  spectra  of  aflatoxin,  absorption  peaks 
are  observed  at  265  mn,  and  363  mji.  But  any  of  the 
aflatoxin-like  substances  produced  by  the  tested  koji 
molds  showed  no  absorption  peaks  at  either  265  rmi, 
or  at  363  ni/u,  especially  in  the  neighborhood  of  363 
mn;  i.e.  their  absorption  behavior  was  quite  different 
from  aflatuxins.  Yokotsuka,  et  al.  (22,  23)  separated 
aflatoxin-like  substances  whose  Rf  values  were  close 
to  those  of  aflatoxins  from  culture  liquids  of  koji- 
molds  by  chromatography  and  identified  those  sub- 
stances as  flavacol  and  deoxyhydroxy  aspcrgillic  acid. 
But  these  substances  also  show  no  absorption  peak  in 
the  neighborhood  of  363  nui.  From  the  obtained  Rf 
values  and  fluorescence  colors,  it  is  apparent  that  the 
same  substances  appeared  among  the  aflatoxin-like 
substances  separated  by  the  present  authors.  The  flu- 
orescence spectra  did  not  indicate  a  difference  be- 
tween aflatoxins  and  aflatoxin-like  substances. 
Furthermore,  although  most  of  the  obtained  afla- 
toxin-like substances  were  hexane-soluble,  aflatoxins 
themselves  are  insoluble  in  hexane.  Similarly,  the  afla- 
toxin-like substances  which  existed  in  rice,  in  micro- 
bial cultures,  rice  koji  and  miso  were  found  to  be 
different  from  aflatoxins  in  their  ultraviolet  absorption 
spectra  figs.  10  andl  1. 

In  short,  in  any  of  the  tested  samples  of  rice  koji- 
mold  strains,  rice  koji  and  miso,  the  production  of 
aflatoxins  was  not  observed. 


220       250  300  350  400 

Wave-length  (  mn  ) 

 :  Authentic  aflatoxin  B1 

 :  Atlotoxin-like  substances 

Figure  10.— Ultraviolet  absorption  spectra  blue-purple  flu- 
orescent substances  (methanol). 
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1 

220       250  300  350  400 

Wave- length  (  rru  ) 

 j   Authentic  ollotoxin  G1 

  :  Aflotoxin-like  substances 

Figure  11. -Ultraviolet  absorption  spectra  green  fluores- 
cent substances  (methanol). 

Recently  G  N.  Wogan  (21)  reported  that  in  an 
investigation  conducted  at  Bangkok,  rice  was  found 
to  be  one  of  the  farm  products  least  contaminated 
with  afiatoxins.  He  ascribed  the  reason  to  methods 
employed  in  harvest,  storage,  and  transportation. 
The  present  authors  confirmed  his  observations  of  the 
absence  of  aflatoxins  in  rice. 

Likewise,  the  presented  results  confirm  the  fact  that 
in  the  Japanese  miso  manufacturing  industry,  which 
utilizes  molds  closely  related  to  aflatoxin-producing 
ones,  no  aflatoxins  were  found  in  the  rice,  koji-molds 
used  or  in  the  final  product.  The  results  are  considered 
to  be  highly  dependable  since  in  this  investigation 
the  authors  covered  miso  manufacturing  plants  and 
manufacturers  of  koji-starter  culture  throughout  Ja- 
pan, taking  into  consideration  chances  for  contamina- 
tion by  aflatoxin-producing  molds  from  the  outside. 
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Three  general  conditions  are  prerequisites  of  afla- 
toxin  contamination  of  a  food  or  feed  product:  (I)  The 
product  must  be  capable  of  supporting  the  growth  of 
the  toxin-producing  fungi  and  must  supply  the  nec- 
essary materials  to  enable  the  fungi  to  produce  the 
toxins;  (2)  the  product  must  become  infested  or  in- 
oculated with  toxin-producing  fungi;  (3)  the  inocu- 
lated or  infested  product  or  crop  must  be  under 
environmental  conditions  favorable  for  growth  of  the 
fungi  and  for  production  and  accumulation  of  the 
toxin.  Each  of  these  conditions  will  be  examined 
in  relation  to  its  application  to  rice  in  the  United 
States. 

Reports  by  numerous  investigators  have  shown  that 
strains  of  species  of  the  Aspergillus  flavus  group  are 
capable  of  producing  aflatoxins  on  a  wide  variety  of 
food  and  feed  products.  In  1965,  I  reported  (4)  that 
aflatoxin  production  on  autoclaved  moist  rough  rice 
by  an  isolate  of  A.  flavus  approached  the  quantity 
produced  on  autoclaved  moist  shelled  Spanish  peanut 
(fig.  1).  Approximately  550  *jg.  of  aflatoxins  were 
produced  per  gram  of  rough  rice  compared  with 
about  650  ng./g-  of  peanut.  Shotwell  et  al.  (6) 
reported  yields  of  1,000  Mg  /g-  on  moist  autoclaved 
milled  rice.  Thus,  there  is  abundant  evidence  that 
rice  can  be  an  excellent  substrate  for  the  growth  of 
aflatoxin-producing  fungi  and,  subsequently,  for  the 
production  and  accumulation  of  the  toxins.  These 
reports  clearly  show  that  rice  as  a  crop  meets  the 
first  general  condition  for  possible  aflatoxin  contam- 
ination. 

The  second  requirement  also  has  been  studied  in 
our  laboratory.  We  have  found  that  the  A.  flavus 
group  of  fungi  (the  principal  producers  of  the  afla- 
toxins) are  commonly  found  associated  with  rough 
rice  after  harvest.  We  reported  in  1961  (5)  that  they 
were  the  predominant  group  of  species  in  rice  dried 
with  unhcated  air.  Unpublished  studies  in  our  labora- 
tory have  shown  that  the  spores  of  species  of  the  A, 
flavus  group  are  commonly  found  associated  with 
rough  rice  immediately  after  harvest  although  actual 
infection  of  kernels  at  that  time  is  quite  rare.  Infection 
proceeds  at  a  rate  determined  by  the  environmental 
conditions  the  rice  is  subjected  to  after  harvest.  Ap- 
parendy  the  fungal  species  that  produce  aflatoxins 
are  prominent  in  the  flora  of  rice. 

Many  investigators,  however,  have  shown  that  iso- 
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Figure  1.— The  production  and  accumulation  of  aflatoxins 
on  moist  autoclaved  rough  rice  in  comparison  with  the  pro- 
duction and  accumulation  on  shelled  Spanish  peanut 

lates  of  A.  flavus  may  vary  greatly  in  their  ability  to 
produce  aflatoxins.  Our  laboratory  studied  the  varia- 
bility in  aflatoxin  production  by  strains  of  the  A.  flavus 
group  isolated  from  rice  and  reported  our  findings  in 
1966  (/).  We  studied  the  mycoflora  associated  with 
282  samples  of  rough  rice  from  the  five  major  rice- 
producing  States  of  the  United  States.  The  percent- 
ages of  kernels  infected  by  various  fungi  were  deter- 
mined by  plating  surface-disinfected  kernels  on  malt 
agar  containing  7.5  percent  NaCl.  The  distribution  of 
A.  flavus  isolations  (table  1 )  shows  that  the  fungus  is 
associated  with  rice  from  all  the  major  rice-producing 
States  and  that  the  frequency  of  its  isolation  within 
the  several  States  can  vary  widely  among  samples. 
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Table  1.— Prevalence  of  Aspergillus  tlavus  species  in  rough 
rice  samples  from  5  states' 


Percent  of 

Numhrr  of  &a 

infected 

kernels 

A 

B  c: 

D 

F, 

0   

6 

0.1  to  30  

82 

10  28 

28 

24 

30.1  to  70 

7 

  21 

17 

36 

>70  

1 

1 

5 

15 

The  majority  of  the  samples  from  four  of  the  five 
States  contained  30  percent  or  less  of  seeds  infested 
with  A.  flaws. 

There  were  284  isolates  selected  at  random  for 
determination  of  their  toxin-producing  ability.  These 
isolates  were  maintained  on  Czapek's  solution  agar 
under  refrigeration  until  the  test  was  accomplished. 
Aflatoxin  production  was  determined  by  inoculation 
of  each  isolate  on  sterile  rough  rice  and  sterile  shelled 
Spanish  peanuts.  Thirty  grams  of  the  respective  dry 
substrate  were  placed  in  250-ml.  Erlenmeyer  flasks 
and  brought  to  a  suitable  moisture  content  by  the 
addition  of  10  ml.  of  water  before  being  sterilized  in 
an  autoclave  for  30  minutes  at  15  lb./sq.  in.  The 
samples  were  then  inoculated  with  a  spore  suspension 
and  incubated  10  days  at  30°  C.  Following  incuba- 
tion, the  samples  were  again  autoclaved  for  30  min- 
utes, frozen,  and  stored  until  assayed  for  anatoxin 
content.  The  toxins  were  extracted  with  aqueous  ace- 
tone after  the  method  of  Pons,  ct  al.  (3)  and  ana- 
toxins were  detected  and  quantified  by  thin-layer 
chromatography. 

To  simplify  reporting  the  results  of  the  tests,  an 
aflatoxin-production  index  was  devised  (table  2).  The 
isolates  were  rated  from  zero  through  eight.  A  rating 
of  zero  indicates  that  the  isolate  failed  to  produce  a 
detectable  quantity  of  aflatoxin,  while  eight  indicates 
that  it  produced  more  than  250,000  p.p.b.  of  afla- 
toxin Bi  or  Gi. 

Table  2.— Aflatoxin-production  index  of  isolates  of  the 
Aspergillus  flavus  group  from  rice 


Aflatoxin  production     Aflatoxin  concentration1  developed 


rating  in  uniform  test  (p.p.b.) 


0   0 

1    1-250 

2    251-500 

3   501-1000 

4.  „   1001-5000 

5    5001-10000 

6   10001-50000 

7   50001-250,000 

8   >  250,000 


iRchm  to  concentration  ol  anatoxin  Bi  or  Oi. 


The  distribution  of  the  isolates  from  rice,  according 
to  this  method  of  rating  their  ability  to  produce  afla- 
toxins,  is  given  in  figure  2.  Toxin-production  ability 
varied  over  a  wide  range  with  the  isolates  tending  to 
fall  into  two  groups— those  producing  relatively  large 
amounts  of  the  toxin  (comprising  roughly  25  percent 
of  the  isolates)  to  those  producing  little  or  no  toxins 
(about  75  percent).  Sixteen  isolates  (5.6  percent)  did 
not  produce  aflatoxin  Bi  on  rice;  25  (8.8  percent) 
failed  to  produce  this  toxin  on  peanuts.  Aflatoxin  Gi 
was  not  produced  by  63.7  percent  of  the  isolates  on 
rice  or  by  66.5  percent  on  peanuts.  This  small  indica- 
tion that  rice  is  a  better  substrate  for  the  production 
of  aflatoxin  than  peanuts  by  the  isolates  from  rice  is 
strengthened  by  another  observation.  More  isolates 
were  in  the  toxicity  class  eight  when  grown  on  a  rice 
substrate  than  when  grown  on  a  peanut  substrate. 
One  isolate  produced  more  than  300,000  p.p.b.  of  both 
Bi  and  Gi  on  both  substrates;  however,  the  concentra- 
tion of  Bi  was  317,000  p.p.b.  on  peanuts  compared  to 
476,000  p.p.b.  on  rice. 


TOXICITY  RATING 

Figure  2. — Distribution  of  isolates  of  the  Aspergillus  flavus 
group  from  rice  according  to  their  ability  to  produce  afla- 

toxins. 


The  average  of  the  aflatoxin-production  index  of 
all  isolates  by  their  respective  origins  (States)  indicated 
that  the  toxin-producing  ability  was  well  distributed 
in  all  States  (table  3).  Only  State  B  deviated  markedly 
from  the  overall  average  index.  Since  only  six  isolates 
were  tested  from  State  B,  the  deviation  probably  is 
not  significant. 

The  study  just  cited  clearly  shows  that  the  second 
condition  for  the  contamination  of  rice  with  ana- 
toxins is  usually  satisfied;  namely,  rice  is  often  infested 
or  inoculated  with  toxin-producing  fungi  during  pro- 
duction and  marketing.  If  the  third  condition  were  to 
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Table  3. — The  average  aflatoxin-production  index  of 
Aspergillus  flavus  isolates  from  rice  samples  from  5  states 


State 

A  

B  

C  

D  

E  


Average  anatoxin -production 


2.5 
6.2 
3.5 
2.6 
2.7 


2.5 


be  frequently  satisfied  also,  then  an  extremely  serious 
problem  could  exist  in  the  rice  industry.  That  is,  a 
significant  portion  of  the  crop  might  be  contaminated 
with  the  toxins. 

Fortunately,  the  third  condition— the  environment 
in  which  the  crop  is  kept— is  the  factor  most  easily 
controlled  by  man.  I  wish  to  report  some  of  the 
results  from  a  study  (2)  we  have  made  in  cooperation 
with  the  Transportation  and  Facilities  Division  of  the 
Agricultural  Research  Service  that  illustrate  some  of 
the  environmental  conditions  that  could  lead  to  afla- 
toxin contamination  or  conversely  prevent  such  con- 
tamination. 

In  the  United  States,  rice  is  usually  harvested  at 
moisture  contents  ranging  from  18  to  22  percent. 
Moreover,  harvest  extends  from  July  into  November. 
These  factors,  coupled  with  the  wide  range  of  climatic 
conditions  found  in  the  rice-growing  areas  of  Califor- 
nia and  Arkansas  to  the  coastal  areas  of  Texas  and 
Louisiana,  indicate  that  rice  is  harvested,  conditioned, 
and  stored  under  widely  varied  conditions,  some  of 
which  could  be  favorable  for  developing  aflatoxin 
contamination  as  well  as  other  types  of  microbiologi- 
cal deterioration.  To  prevent  such  deterioration,  effi- 
cient artificial  drying  systems,  using  both  heated  and 
unheated  air,  condition  the  rice  crop  for  storage  and 
further  processing. 

The  experiments  which  I  am  reporting  were  de- 
signed to  determine  the  rapidity  and  extent  of  afla- 
toxin production  and  accumulation  in  undried  rough 
rice  under  conditions  comparable  to  those  in  holding 
bins  in  commercial  driers.  Details  of  the  experimental 
bin's  construction  and  operation  will  not  be  given 
except  to  report  that  each  bin  had  a  capacity  of 
about  one  barrel  of  rice.  It  had  previously  been  de- 
termined that  their  design  reasonably  simulated  the 
conditions  in  large  bins. 

These  results  summarize  2  years  of  work  involving 
three  experiments  of  nine  bins  each  year.  The  rice 
was  stored  for  21  days  in  each  experiment.  We  selected 
three  of  the  most  important  environmental  factors  to 
study;  that  is:  (1)  Aeration  rate,  (2)  moisture  con- 
tent, and  (3)  ambient  temperature.  Our  goal  was  to 


compare  the  effects  of  each  of  these  factors  by  main- 
taining all  other  principal  factors  constant.  However, 
since  we  cannot  control  the  weather,  the  availability 
of  varieties,  or  even  the  uniformity  of  rice  moisture 
content  within  a  single  truckload,  we  had  to  be  satis- 
fied with  a  reasonable  approach  to  that  goal. 

Table  4  shows  the  effect  of  aeration  rates.  In  this 
particular  experiment  the  ambient  temperature  aver- 
aged about  80°  F.  during  the  storage  period.  The 
rice  went  into  storage  at  about  22.0  percent  moisture 
content.  Under  these  conditions,  anatoxins  reached  a 
significant  concentration  within  2  days  when  aerated 
at  a  rate  of  0.5  c.f.m.  but  doubling  the  airflow  rate 
increased  this  relatively  safe  storage  period  to  about  2 
weeks.  Toxins  accumulated  to  detectable  levels  very 
early  in  the  storage  period  even  when  the  airflow 
rate  was  2.0  c.f.m. 


Table  4.— Effect  of  rate  of  aeration  on  aflatoxin 

I  in  rice' 


Airflow  rate 
per  barrel 

c.f.m. 


First  detected 
(days  in 
storage) 


(P.p.b.) 


Time  to 

reach 
30  p.p.b. 
(days  in 
storage) 


0.5. 


1.0. 
2.0. 


2 
6 


857 
58 
30 


2 
15 
20 


■Average  ambient 
about  32.0  percent. 


about  82*  F.  Initial 


Table  5  shows  the  development  of  kernel  infection 
by  A.  flaws  in  the  same  experiment.  The  maximum 
infection  during  the  storage  period  did  not  vary 
greatly  with  the  aeration  rates  although  the  time 
required  to  reach  the  maximum  increased  as  the  air- 
flow rate  increased.  The  rate  of  kernel  infection  did 
not  reflect  the  large  difference  in  the  rate  of  aflatoxin 
accumulation  shown  in  table  4. 


:  of  rate  of  aeration  on  rice 
by  Aspergillus  flavus1 

Airflow  Time  to  reach 

rate  per  barrel  Range  maximum 

(cf.m.)  (percent)  (days  in  storage) 

0.5    0-43  14 

1.0   1-45  15 

2.0   0-35  20 

'Average  ambient  temperature  about  82°  F.  Id 
about  22.0  percent. 

Table  6  shows  the  effect  of  initial  moisture  content. 
In  this  experiment,  the  average  ambient  temperature 
was  about  80°  F.  and  the  airflow  rate  was  1  cf.m. 
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Table  6.— Effect  of  Initial  moisture  content  in  aflatoxin 
development  in  rice1 


Time  to 

Initial  moisture 

reach 

content 

First  detected 

Maximum 

30  p.p.b. 

(percent  wet 

(days  in 

concentration 

(days  in 

basis) 

storage) 

(p.p.b.) 

storage) 

26.2  

3 

743 

6 

22.6  

0 

94 

9 

19.8  

<l> 

'Average  ambient  temperature  about  80'  F.  Airflow  rate— 1  c.f.m.  per 
barrel. 
'Not  detected. 


per  barrel.  With  initial  moisture  content  at  26.2  per- 
cent, anatoxins  were  detected  after  3  days  and  reached 
a  level  of  30  p.p.b.  after  6  days.  Reducing  the  into- 
storage  moisture  content  to  22.6  percent,  doubled  the 
time  in  storage  that  the  rice  remained  toxin-free  and 
increased  the  storage  period  before  the  concentration 
reached  30  p.p.b.  to  9  days.  A  further  decrease  in 
initial  moisture  to  19.8  percent  prevented  the  pro- 
duction of  aflatoxitis  in  detectable  amounts  through- 
out the  21  days. 

This  experiment  showed  a  direct  relation  between 
A.  flavus  infection  of  the  rice  kernel  and  the  initial 
moisture  content  (table  7). 

Table  7.— Effect  of  initial  moisture  content  on  infection  of 


Kernels  infected  by  A.  flavus 


Initial  moisture  Time  to  reach 

content  (percent  Range  maximum 

wet  basis)  (percent)  (days  in  storage) 


26.2   0-98  18 

22.6.   0-62  21 

19.8   0-32  15 


'Average  ambient  temperature  about  80°  F.  Airflow  rate— 1  c.f.m.  per 

Our  study  of  the  effect  of  ambient  temperature  has 
more  uncontrolled  variables  affecting  the  results  than 
the  two  previous  experiments.  Table  8,  however,  illus- 
trates the  direct  relation  between  temperature  and 
aflatoxin  production  and  accumulation.  With  an  aver- 
age ambient  temperature  of  78°  to  82°  F.,  aflatoxins 
soon  developed  in  high-moisture  rice  but  at  about 
68°  F.  the  production  of  anatoxins  in  significant 
amounts  was  prevented. 

Kernel  infection  by  A.  flams  reached  about  the 
same  level  regardless  of  ambient  temperature;  how- 
ever, the  data  indicate  that  the  rate  of  kernel  infec- 
tion was  slowed  considerably  at  the  lower  temperature 
(table  9). 


Table  8.— Effect  of  ambient  temperature  on  aflatoxin 
development  in  rice  kernels1 


Aflatoxins 


Time  to 

Average  Maxi-  reach 

ambient     First       mum  30 
temper-  detected  concen-  p.p.b. 
ature    (days  in    tration     (days  in 
Storage  period  (date)      »F.       storage)    (p.p.b.)  storage) 


Aug.  5-25,  1966   82  5  743  8 

Sept.  7-28.  1966   78  3  211  9 

Oct.  5-26,  1966   67  15  Trace   


'Initial  mouture  content  about  23  to  25  percent.  Airflow  rate— 1  e.f.rri. 
per  barrel. 

Table  9.— Effect  of  ambient  temperature  on  rice  kernel 
infection  by  A,  flavus' 


Kernels  infected  by 
A.  flavus 


Time  to 

Average  reach 
ambient  maximum 
temperature      Range        (days  in 
Storage  period  (date)  °F.  (percent)  storage) 


Aug.  5-25,  1966   82  0-87  8 

Sept.  7-28,  1966   78  0-95  6 

Oct.  5-26,  1966    68  0-93  15 


'Initial  moisture  content  about  23  to  25  percent.  Airflow  rale— 1  c.f.m. 
per  barrel, 

Obviously,  many  more  similar  experiments  will  be 
necessary  to  measure  accurately  the  effects  of  the 
many  factors  and  their  interactions  on  the  production 
and  accumulation  of  aflatoxins  in  undried  rice  during 
storage. 

The  studies  I  have  reported  here  show  how  high- 
moisture  rice  might  become  contaminated  with  afla- 
toxins. Rice  is  an  excellent  substrate  for  the  growth 
of  the  toxin-producing  organisms  and  for  supporting 
the  production  and  accumulation  of  the  toxin.  Toxin- 
producing  strains  of  the  fungi  are  widely  distributed 
in  rice-growing  areas  and  often  are  found  associated 
with  harvested  rice.  Moreover,  rice  often  is  harvested 
at  moisture  contents  and  under  ambient  temperatures 
favorable  for  the  rapid  development  of  aflatoxin  con- 
tamination. Fortunately,  the  efficient  systems  of  dry- 
ing, conditioning,  and  storing  that  have  been 
developed  to  maintain  quality  in  rice  after  harvest 
also  serve  to  prevent  production  and  accumulation  of 
aflatoxins.  However,  efficiency  must  remain  high  and 
the  industry  must  remain  alert  to  prevent  the  com- 
bination of  circumstances  under  which  rice  could  be- 
come contaminated  with  aflatoxins. 
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MYCOTOXIN  RESEARCH  IN  OILSEEDS 


by  R.  W.  Howell* 

Crops  Research  Division,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture,  Beltsville,  Md.  20705 


The  aflatoxin  problem  first  came  to  public  attention 
in  an  oilseed,  namely  the  peanut  or  groundnut,  Arachis 
hypogaea  L.  We  know  now  that  the  problem  is  not 
unique  to  oilseeds,  but  a  special  relevance  to  this 
group  of  food  crops  continues.  Peanuts,  cottonseed 
{Gossypium  hirsutum  L.),  and  soybeans  (Glycine  max  (L.) 
Merr.)  excel  as  sources  of  high  quality  protein.  The 
peanut  requires  a  minimum  of  processing  to  be  a 
very  attractive  food.  The  cottonseed  and  soybean  arc 
major  sources  of  protein  for  animal  feeding  and,  more 
recently,  of  isolated  protein  for  highly  nutritious  food 
products.  The  potential  of  these  crops  for  meeting 
food  needs  of  the  world  is  enormous.  The  presence  or 
threat  of  mycotoxins  continues,  therefore,  as  a  cause 
of  grave  concern. 

Research  on  mycotoxins  in  oilseeds  has  been  con- 
centrated on  peanuts,  cottonseed,  and  soybeans.  I 
shall  therefore  limit  my  discussion  to  work  with  these 
three  crops. 

Peanuts 

In  the  United  States,  peanuts  arc  grown  in  three 
areas,  with  different  characteristic  climates.  About  a 
fourth  of  the  acreage  is  in  the  southwestern  States  of 
Texas  and  Oklahoma.  There  is  a  small  acreage  in 
New  Mexico.  The  climate  is  dry.  Irrigation  of  pea- 
nuts in  the  southwest  is  increasing  and  is  now  used 
on  more  than  25  percent  of  the  acreage.  Despite  the 
low  total  rainfall,  winds  off  the  Gulf  of  Mexico  bring 
high  humidity  and  sometimes  heavy  rains  during  the 
harvest  season.  The  harvest  season  extends  from  late 
June  to  November.  The  small-seeded  Spanish  type  is 
grown  in  the  southwest.  About  half  the  acreage  is  in 
the  southeast,  Georgia  having  the  largest  acreage. 
The  climate  is  hot  and  humid.  Irrigation  is  negligible. 
The  harvest  season  is  hot.  Both  Spanish  and  Virginia 
types  are  grown  in  nearly  equal  proportions.  About  a 
fourth  of  the  acreage  is  in  the  Virginia-Carolina  area. 
The  climate  during  the  summer  is  hot  with  periods  of 
high  humidity  but  it  is  cool  during  harvest.  Irrigation 
is  negligible.  The  large-seeded  Virginia-type  peanut 

•Chief,  Oilseed  and  Industrial  Crop*  Research  Branch,  Crops  Research 
Division,  Agricultural  Research  Service,  U.S.  Department  of  Agriculture, 
Bcluville.  Md.  20705. 


is  grown  here.  Aflatoxin  has  been  found  in  peanuts 
from  all  three  areas. 

Peanuts  infected  with  Aspergillus  flams  Lk.  ex  Fr., 
or  contaminated  with  aflatoxin  are  being  removed 
from  marketing  channels  before  products  reach  the 
consumer.  Farmers'  stock  peanuts  are  segregated  at 
the  initial  buying  point  on  the  basis  of  mold  growth 
on  the  seed.  Contaminated  peanuts  go  to  nonfood 
uses.  Shelled  peanuts  or  recleaned  in-shell  peanuts 
destined  for  roasting  in  the  shell  are  sampled  and 
assayed  for  aflatoxin  by  the  Consumer  and  Marketing 
Service,  U.S.  Department  of  Agriculture.  About  4 
percent  of  the  lots  from  the  1967  crop  had  verified 
aflatoxin  levels  of  30  p.p.b.  or  more.  (J.  C.  Genske. 
Verbal  communication).  Levels  in  most  of  the  con- 
taminated lots  do  not  exceed  30  p.p.b.  by  very  much. 
It  is  rare  to  find  a  lot  with  a  high  level  of  contamina- 
tion. Insofar  as  I  know  there  have  been  no  significant 
aflatoxin  incidents  due  to  peanuts  in  the  United  States. 

When  and  how  docs  infection  occur?  A.  flavus  is  a 
ubiquitous  soil  fungus  with  ample  opportunity  to  in- 
fect the  peanut  after  the  peg  enters  the  ground.  There 
is  some  evidence  that  pegs  may  be  infected  with  A. 
flavus  even  before  penetration  of  the  soil.  Such  reports 
are  rare,  however,  and  it  is  probable  that  infection 
usually  occurs  in  the  soil.  At  Holland,  Virginia,  over 
a  3-ycar  period,  A.  flavus  was  isolated  in  low  frequency 
as  early  as  August  3.  A.  flavus  was  isolated  from  less 
than  0.5  percent  of  the  shells  and  seeds  in  August, 
but  from  6  and  8  percent  of  the  seeds  in  September 
and  October.  Slightly  over  1  percent  of  the  shell 
isolations  produced  A.  flavus  in  September  and  Octo- 
ber. Aflatoxin  was  not  found  in  any  of  the  samples 
analyzed  from  this  study.  (K.  H.  Garren  and  D.  M. 
Porter.  Unpublished  annual  reports.  1966,  1967).  The 
variety  used,  Virginia  Bunch  46-2,  matures  at  Hol- 
land early  in  October. 

A  similar  study  has  been  conducted  at  two  loca- 
tions in  Texas  under  both  dryland  and  irrigated  con- 
ditions (77).  The  percentage  of  shells  infected  with  A. 
flavus  varied  from  zero  to  42  percent  on  various  sam- 
pling dates.  There  was  a  tendency  for  higher  percent- 
ages in  the  latter  part  of  the  season.  Of  32  of  the 
infected  samples  which  were  assa-  od,  three  from  each 
location  contained  aflatoxin,  rangmg  from  1 3  to  1 ,650 
p.p.b.  Four  of  these  were  from  irrigated  fields  and 
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two  from  dryland.  During  this  study  more  than  2,000 
pegs  were  examined.  A.fiavus  was  isolated  from  63  or 
3.1  percent.  Seed  contamination  data  were  not  re- 
ported. 

Examination  at  marketing  points  suggested  a  tend- 
ency for  a  higher  frequency  of  contamination  in  sam- 
ples which  were  harvested  during  a  warm,  damp 
period  than  in  those  harvested  later  when  it  was  cooler 
and  drier.  The  data  were  inadequate,  however,  to 
establish  a  statistical  probability  for  this  tendency. 
There  was  some  evidence  that  crop  rotation  practices 
influence  the  occurrence  of  anatoxin  {17).  VVhen  the 
previous  crop  was  peanuts,  as  many  as  twice  the 
number  of  seeds  contained  internal  fungi  as  when  a 
different  crop  preceded  peanuts.  More  than  half  of 
the  samples  contained  at  least  a  trace  of  aflatoxin. 
Fungal  contamination  or  aflatoxin  occurred  in  some 
samples  following  each  previous  cropping  pattern. 

Peanuts  are  dug  and  dried  in  a  windrow  for  from  2 
to  several  days  before  pods  are  removed  from  the 
vine.  Most  of  the  soil  falls  away  from  the  pods  as  they 
are  dug,  but  ample  soil  adheres  to  maintain  an  inoc- 
ulum of  soil  fungi  while  the  pods  are  in  the  windrow. 
Conventional  diggers  leave  the  plants  and  pods  in  a 
random  arrangement.  Diggers  which  systematically 
invert  the  vines  leave  the  pods  in  a  position  to  dry 
more  readily,  thus  reducing  the  time  for  mold  growth 
and  aflatoxin  formation. 

Pods  are  of  course  exposed  to  the  weather  while  in 
the  windrow.  Rain  will  slow  the  drying  process  and 
may  actually  increase  moisture  content  of  peanuts. 
Temperature  is  several  degrees  higher  and  drying  is 
more  rapid  in  the  inverted  windrow  than  in  the  con- 
ventional windrow.  The  desired  moisture  content  of 
less  than  25  percent  may  be  reached  2  or  more  days 
earlier  in  the  inverted  windrow. 

More  shells  and  seeds  contain  A.  flavus  in  the  con- 
ventional windrow.  It  is  interesting  to  note  that  A. 
flavus  may  occur  in  a  higher  percentage  of  seeds  than 
shells.  The  effect  of  windrow  geometry  on  aflatoxin 
formation  is  not  conspicuous  during  windrowing.  Afla- 
toxin occurred  only  rarely  in  samples  taken  from  the 
windrow.  In  each  such  occurrence  the  samples  had 
been  rained  on  and  had  been  held  a  full  week  in  the 
windrow.  However,  development  of  aflatoxin  during 
the  holding  period  after  combining  was  related  to 
windrow  geometry.  The  incidence  and  average  level 
of  aflatoxin  were  consistendy  very  low  from  inverted 
rows,  compared  with  about  7  percent  incidence  and 
20  p.p.b.  average  level  from  random  rows.  (J.  L. 
Butler.  Unpublished  annual  report.  1967). 

The  occurrence  and  level  of  aflatoxin  in  samples  at 
the  market  reflect  the  history  of  the  peanuts  after 
digging.  The  principal  aflatoxin  hazard  occurs  follow- 
ing combining,  prior  to  or  during  drying  to  the  desired 
storage  moisture  of  8  to  9  percent.  Many  more  colo- 


nies of  A.  flavus  can  be  isolated  from  slowly  dried 
peanuts  than  from  rapidly  dried  peanuts.  Less  than  1 
percent  of  pods  dried  rapidly  to  8  percent  moisture 
contained  A.fiavus,  while  4  to  5  percent  of  those  dried 
slowly  were  infected.  The  results  were  similar  whether 
initial  pod  moisture  was  45  to  55  percent  or  18  to 
25  percent.  (7) 

Damage  caused  by  mechanical  harvesting  is  a  sig- 
nificant factor  in  fungal  invasion.  Although  combine- 
harvested  pods  yielded  few  colonies  at  the  time  of 
harvest,  more  than  twice  as  many  colonics  of  A.  flavus 
were  isolated  after  drying  from  peanuts  which  had 
been  combine-harvested  as  from  those  which  had  been 
hand  picked  (7).  Research  to  modify  harvesting  ma- 
chinery to  reduce  combine-damage  is  underway. 

Results  have  varied  widely  between  experiments, 
reflecting  the  difficulty  of  precise  control  or  descrip- 
tion of  experimental  conditions  in  the  field.  Fungi, 
including  A.  flavus,  are  widely  distributed  in  nature 
and  occur  in  the  shells  of  virtually  all  peanut  fruits  at 
maturity  (8,  18).  It  is  probably  operationally  impossi- 
ble to  establish  and  maintain  a  field  plot  free  of  A. 
flavus  without  distorting  the  ecological  balance  of  the 
soil  environment.  However,  our  studies  have  not 
shown  a  high  correlation  between  the  occurrence  of 
aflatoxin  in  peanuts  and  climatic,  soil,  irrigation,  fer- 
tility, or  other  environmental  variables  during  crop 
production.  Conditions  after  harvest,  especially  during 
the  holding  period  prior  to  drying,  probably  deter- 
mine whether  aflatoxin  will  be  produced. 

It  is  interesting  to  speculate  whether  peanut  pod 
development  results  from  symbiotic  activities  of  the 
peanut  and  the  soil  flora.  Techniques  for  producing 
peanuts  under  gnotobiotic  (germ-free)  conditions  in 
the  laboratory  have  been  developed  by  Dr.  D.  L. 
Lindsay  of  Colorado  State  University.  He  has  been 
able  to  exclude  fungi  from  developing  pods  and  seeds, 
but  so  far  an  unidentified  bacterium  has  always  ap- 
peared by  about  90  days  after  planting. 

Factors  favoring  infection  and  contamination  are 
the  subject  of  another  presentation  on  this  symposium. 
I  shall  therefore  not  further  discuss  the  influence  of 
environmental  conditions  after  harvest.  Suffice  it  to 
say  that  there  is  good  evidence  that  steady  drying  of 
peanuts  to  about  8  percent  moisture  is  highly  effective 
in  suppressing  mold  development  (20). 

The  quality  of  peanuts  and  peanut  products  as 
judged  by  the  consumer  is  of  great  importance,  more 
so  than  in  conunodities  which  undergo  greater  trans- 
formation before  reaching  the  consumer.  Quality 
factors  arc  subdc,  subjective,  and  sensitive.  The 
importance  of  objective  measurements,  and  therefore 
of  the  association  of  aflatoxin  with  measurable  quality 
factors  or  constituents,  is  obvious.  Correlations  of  mold 
growth  score  with  both  fat  acidity  and  aflatoxin  con- 
tent have  been  reported  (15).  However,  in  other  cases 
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positive  correlations  have  not  been  found  between 
iodine  number,  free  fatty  acids,  and  anatoxin  concen- 
tration or  degree  of  fungal  infestation. 

What  are  the  mycotoxin  hazards  attributable  to 
fungi  other  than  A.  flaws?  We  have  sampled  exten- 
sively and  repeatedly  in  all  peanut  producing  areas 
of  the  United  States  to  identify  the  fungi  which  are 
associated  with  peanut  pods  and  seeds.  Of  2,8 1 6  iso- 
lations identified  at  least  to  genus  so  far,  2,194  or  78 
percent  are  Alternaria,  Aspergillus,  Chaetomium,  Fusarium, 
or  Penicillium.  The  latter  is  the  most  frequently  iso- 
lated, accounting  for  30  percent  of  the  total,  and  its 
species  are  dominant  in  both  shells  and  seeds  through- 
out their  development  in  the  soil  (8). 

It  is  germane  to  the  mycotoxin  problem  to  ask 
whether  these  fungi  can  produce  toxin  on  agricultural 
commodities.  So  far,  of  231  fungi  isolated  from  pea- 
nuts and  cultured  on  moist  autoclaved  corn  or  corn 
and  rice,  each  of  which  was  then  fed  to  two  rats  or 
other  test  animals,  1 1 6  have  been  lethal  to  one  or 
both  animals  within  7  days  (3).  Eighty  of  the  isolates 
were  Penicillium  sp.  Forty  of  these  were  lethal.  Each 
of  the  other  genera  was  also  lethal  in  40  percent  or 
more  of  the  cases.  We  do  not  know  yet  whether  these 
fungi  produce  toxins  when  grown  on  peanuts. 

The  toxin  or  toxins  have  yet  been  identified  chemi- 
cally. Several  workers  have  examined  the  anatoxin 
production  potential  of  numerous  species  of  Aspergillus 
and  Penicillium  without  identifying  any  anatoxin  pro- 
ducers. Earlier  reports  that  organisms  other  than  A. 
Harms  produce  anatoxins  are  now  being  questioned 
{14).  Whether  the  toxic  material  produced  by  fungi 
other  than  A.  flaws  is  chemically  identical  with  or 
different  from  anatoxin  is  a  moot  point.  The  presence 
in  peanuts  or  other  food  materials  of  fungi  with  a 
toxin-producing  potential  constitutes  a  health  hazard. 

The  ultimate  objective  of  our  research  is  to  elimi- 
nate the  mycotoxin  problem.  What  then  are  possible 
methods  of  control?  I  have  already  referred  to  evi- 
dence that  prompt  continuous  drying  greatly  reduces 
the  anatoxin  hazard.  This  is  a  recommended  proce- 
dure. Unfortunately,  peanuts  must  still  undergo  a 
period  of  drying  in  the  field  after  digging,  and  during 
this  time  are  subject  to  the  weather.  Equipment  that 
will  arrange  the  plants  in  a  nonrandom  fashion  has 
been  discussed.  Improved  versions  of  diggers,  and 
combines  to  handle  the  peanuts  more  gently,  arc 
being  developed  (It)). 

Chemical  controls  have  received  some  attention. 
Pentachloronitrobenzene  (PCNB)  applied  to  the  soil 
in  barrels  (10  liters,  10"*M)  at  various  stages,  reduced 
the  number  of  soil  samples  from  which  A.  flams  was 
isolated  (9).  Studies  with  fungicides  in  the  field  have 
been  less  encouraging.  Some  of  the  materials  that 
have  been  studied  are  listed  below:  (5,  6",  and  K.  H. 
Garren  and  D.  M.  Porter.  Unpublished  annual  re- 


ports. 1966,  1967). 

Botran  (2,6-dichloro-4-nitroaniline) 
D-D(  1 ,3-dichloropropene- 1 ,  2-dichloropropane 
mixture) 

Dexon  (p-dimethylaminobcnzcne  diazo  sodium 
sulfonate) 

Difolatan  (N-(  1 , 1 ,2,2-tetrachloroethyIthio)-4-cy- 
clohexane-1 ,2-dicarboximide) 

Fentin  hydroxide  (duTer;  triphenyl  tin  hydrox- 
ide) 

PCNB  (pentachloronitrobenzene) 
Polyram  (polyethylene  polymer  of  zinc  carba- 
mates) 

SMDC  (vapam;  sodium  N-methyldithiocarba- 
mate  dihydrate) 
Each  of  these  materials  is  registered  for  use  on  some 
agricultural  commodities  and  some  are  registered  for 
nonfood  uses  on  peanuts.  None  is  registered  for  use 
on  peanuts  for  food  use  except  PCNB  which  is  regis- 
tered for  Rhizoctonia  control  on  peanuts.  There  is  no 
residue  tolerance  to  PCNB  at  present,  but  a  petition 
for  a  tolerance  is  pending.  None  of  these  materials  is 
registered  for  A.  flams  control  and  based  on  our  results, 
there  is  little  basis  for  seeking  registration.  There  are 
of  course  no  residue  tolerances  in  peanuts. 

Promising  results  have  been  obtained  recently  in 
tests  of  fungitoxic  properties  of  potassium  sorbate  and 
several  other  food  preservatives  (2,  9).  Disinfection  of 
soil  with  potassium  sorbate  about  2  months  after  in- 
oculation reduced  the  number  of  A.flavus  colonies  iso- 
lated six  months  later  by  more  than  80  percent  (9). 
Acetic  acid  in  5  percent  solution  was  effective  in 
vitro,  against  several  common  fungi  of  peanuts  (2). 
The  concentration  is  of  interest  because  it  approxi- 
mates that  of  acetic  acid  in  vinegar.  These  materials 
have  not  been  used  in  field  tests.  Materials  such  as 
food  preservatives  would  probably  present  less  of  a 
residue  problem  than  fungicides  such  as  those  listed 
above. 

The  best  control  of  all  would  be  a  peanut  variety 
which  is  genetically  immune  to  invasion  by  A.  flavus. 
Rao  and  Tulpulc  {19),  of  the  Indian  Council  of 
Medical  Research,  reported  that  a  toxigenic  strain  of 
A.flavus  failed  to  produce  anatoxin  on  the  variety  U.  S. 
26  (PI  246388).  A  check  of  the  reported  resistance  of 
this  variety  to  aflatoxin  development  in  two  labora- 
tories in  the  United  States  and  one  in  England  failed 
to  confirm  the  Indian  report.  Subsequently,  however, 
a  few  seeds  of  U.S.  26  were  obtained  from  the  Indian 
investigators.  Again  we  failed  to  confirm  the  Indian 
report  of  resistance  to  aflatoxin  development,  although 
aflatoxin  was  not  found  in  every  seed. 

Kulkami  (10)  reported  the  variety  "Asiriya 
Mwitunde"  to  be  resistant.  We  have  two  accessions 
by  this  name,  PI  268893  and  PI  295170,  but  have 
not  yet  checked  them  for  resistance  to  A.  flavus  or 
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aflatoxin  development  Joffe  (unpublished  report  PL 
480  grant  FG-IS-161,  A10-CR^6.  1967)  has  also 
reported  possible  differences  in  susceptibility  between 
peanut  genotypes.  This  work,  too,  is  unconfirmed. 

The  usefulness  or  potential  for  genetic  resistance 
has  thus  been  explored  very  little.  We  have  just  initi- 
ated our  first  such  breeding  program  with  partial 
support  from  the  United  States-Japan  medical  coop- 
erative program.  A  plant  breeding  effort  will  be  a 
part  of  this  program  as  soon  as  suitable  genotypes  are 
identified.  The  possibility  that  varieties  are  heter- 
ogeneous and  do  actually  contain  some  resistant 
genotypes  will  "be  explored. 


Cotton 

Anatoxins  tend  to  occur  infrequently  at  high  levels 
in  U.S.  cottonseed  at  harvest.  Naturally  infected 
samples  usually  contain  only  anatoxins  Bi  and  B2. 
Contaminated  cotton  bolls  are  principally  those  pro- 
duced on  the  lower  third  of  the  plant,  where  they  are 
exposed  longer  and  to  conditions  more  favorable  for 
A.  flavus  growth  than  are  bolls  higher  on  the  plant. 
The  lower  part  of  the  plant  is  subject  to  longer  periods 
of  high  humidity  each  day  than  the  upper  part. 

As  in  peanuts,  there  are  probably  continuous  op- 
portunities for  A.  flavus  infection.  Examination  of  cot- 
ton soils  has  shown  as  many  as  5,000  particles  of  plant 
debris  infested  with  A.  flavus  per  cubic  foot  of  soil. 
The  number  of  A.  yfamr-infested  particles  was  high, 
even  in  fields  where  there  was  no  significant  infesta- 
tion or  aflatoxin  contamination  of  the  seed.  Artificial 
increases  of  humidity  by  fogging  or  irrigation  have  in 
fact  increased  the  amount  of  natural  infection  and 
contamination  under  high  temperature  conditions. 
Thus  the  existence  of  humidity  and  temperature  con- 
ditions favorable  for  fungus  growth  appears  to  be  the 
significant  variable,  rather  than  A.  flavus  inoculum 
potential. 

Aspergillus  flavus  has  been  known  for  many  years  as 
the  cause  of  a  boll  rot  in  cotton  (4,  II).  A  bright 
greenish  yellow  fluorescence  (BGY)  on  the  lint  is 
caused  by  A.  flavus  and  is  symptomatic  of  this  boll 
rot.  It  has  occurred  most  frequently  in  the  Imperial, 
Colorado,  and  lower  Rio  Grande  Valleys.  High 
humidities  can  occur  in  these  areas  due  to  irrigation 
and  to  winds  off  the  Gulf  of  California  and  the  Gulf 
of  Mexico.  Aflatoxin  in  cottonseed  has  also  occurred 
most  often  in  these  same  areas. 

BGY  is  a  useful  indicator  of  the  presence  of  Asper- 
gillus flavus  and  aflatoxin  (1).  Weathered  samples 
which  do  not  fluoresce  may  contain  aflatoxin,  but 
even  so  cottonseed  lots  free  of  BGY  are  less  likely  to 
contain  aflatoxin.  Cottonseed  produced  on  soil  inocu- 
lated with  4.  Jkw-contaminated  oat  seeds  have  con- 


tained a  higher  percentage  of  fluorescent  seeds  and  in 
most  cases  more  aflatoxin  than  cottonseed  from  unin- 
oculated  soil.  BGY  is  localized  in  the  lint  and  seed 
fuzz.  The  BGY  fluorescence  has  been  produced  experi- 
mentally in  many  different  plants  in  the  laboratory 
by  incubation  with  A.  flavus  following  mechanical 
damage  (12).  Its  occurrence  in  nature  other  than  in 
cotton  is  not  known. 

The  fluorescent  compound  is  a  derivative  of  kqjic 
acid,  which  was  identified  by  Japanese  workers  about 
1910.  It  is  water  soluble  and  light  sensitive.  Many 
derivatives  have  been  characterized,  but  so  far  as  we 
know,  BGY  has  not.  The  fungus  forms  kojic  acid, 
which  is  converted,  under  the  influence  of  peroxidase 
in  the  infected  higher  plant  cell,  into  the  typical 
bright  greenish  yellow  fluorescent  material.  Many 
strains  of  A.  flavus  have  been  tested  for  ability  to 
produce  the  fluorescence  in  a  living  cotton  fiber  and 
all  results  have  been  positive.  Some  strains  of  Alter- 
naria  also  produce  a  fluorescence  on  the  fiber  in  the 
field,  but  this  is  a  whitish  fluorescence,  easily  distin- 
guished from  that  caused  by  A.  flavus.  The  metabolic 
relationship  of  BGY  and  aflatoxin  has  not  been  estab- 
lished, but  some  relationships  have  been  summarized 
by  Marsh  ct  al.  (12). 

BGY  produced  no  noticeable  toxic  effects  in  an 
egg  embryo  test  when  used  at  a  rate  of  about  1 3  /ig. 
per  egg.  A  dosage  of  about  0.02  fig.  of  aflatoxin  Bj 
per  egg  is  said  to  kill  half  the  embryos. 

Aspergillus  flavus  grows  and  produces  aflatoxin  pri- 
marily on  the  cottonseed  meat  (13).  The  hulls  of 
contaminated  seeds  sometimes  contain  aflatoxin.  The 
lint  is  a  relatively  poor  substrate  for  A.  flavus,  which 
decomposes  cellulose  with  great  difficulty  and,  unlike 
many  other  boll  rot  fungi,  fails  to  penetrate  the  fiber 
wall  and  enter  in  the  lumen.  No  difference  in  the 
susceptibility  of  glanded  and  glandless  cotton,  with 
respect  to  A.  flavus  infection  or  aflatoxin  production 
has  been  established.  However,  present  information  is 
limited  and  has  been  obtained  largely  under  labora- 
tory conditions. 

Aflatoxin  is  a  production  problem  in  cottonseed 
but,  as  in  peanuts,  the  greatest  buildup  of  aflatoxin  is 
likely  to  occur  during  storage.  Storage  conditions  dur- 
ing the  processing  season,  which  may  last  as  long  as 
10  months,  therefore  strongly  influence  the  incidence 
and  level  of  aflatoxin.  Cottonseed  free  of  toxin  and 
stored  under  covered  and  aerated  conditions  has  gen- 
erally not  developed  significant  levels  of  aflatoxin. 

Management  practices  to  reduce  the  humidity  in 
the  lower  third  of  the  plant  have  reduced  the  inci- 
dence and  level  of  aflatoxin.  A  4  by  4  skip  row 
planting  system  reduced  the  aflatoxin  level  from  that 
in  a  solid  planting.  Defoliation  of  the  lower  third  of 
the  crop  with  DEF  (s,s,s-tributylphosphorotrithioate) 
accompanying  the  4  by  4  skip  row  pattern,  virtually 
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eliminated  aflatoxin  (L.  J.  Ashwurth,  unpublished 
progress  report). 

Fungicides  have  not  been  considered  desirable  as 
controls  of  aflatoxin  in  cottonseed  because  of  probable 
residue  problems. 

Soybeans 

Aflatoxins  have  been  reported  in  soybeans,  but  the 
frequency  appears  to  be  much  lower  than  in  peanuts 
and  cotton.  Soybeans  arc  one  of  our  most  widely 
grown  crops,  occupying  in  1968  more  than  41  million 
acres.  The  largest  acreages  were  in  Illinois,  Iowa, 
and  Arkansas,  but  12  different  States  had  more  than 
1  million  acres. 

We  began  our  studies  of  aflatoxin  in  soybeans  by  as- 
saying laboratory  samples  from  our  regional  tests  in 
1964.  There  were  1,232  samples  representing  many 
varieties  and  production  areas,  but  they  had  not  been 
collected  specifically  for  aflatoxin  studies.  Eleven  of 
these  samples  contained  A.  flaws.  Isolates  from  six  of 
the  1 1  samples  produced  aflatoxin  Bi.  The  seeds  them- 
selves were  not  assayed  for  aflatoxin.  The  six  isolates 
varied  in  their  aflatoxin-producing  potential,  one 
producing  100,000  p.p.b. 

During  1965  and  1966  we  conducted  a  comprehen- 
sive sampling  program  throughout  the  crop  produc- 
tion season  and  for  6  weeks  following  normal  harvest 
date.  This  program  included  10  varieties  at  each  of 
12  to  14  locations,  the  varieties  being  grouped  in 
early,  midseason,  and  late  categories.  Thus,  the  en- 
vironmental conditions  at  any  one  location  were 
sampled  for  more  than  12  weeks.  The  1965  season 
produced  1,675  samples  and  the  1966  season  1,439. 
A.  flams  was  not  isolated  from  any  of  these  more  than 
3,100  soybean  samples.  Many  other  fungi  were  iso- 
lated, including  Alternaria  and  Fusarium  of  the  species 
which  have  proved  to  be  toxin  producers  when  iso- 
lated from  peanuts.  The  toxin-producing  potential  of 
the  isolates  from  soybeans  has  not  been  studied  further. 

The  results  of  the  field  sampling  program  probably 
remove  crop  production  practices  as  a  significant  fac- 
tor in  the  aflatoxin  problem  in  soybeans.  However, 
since  the  opportunity  for  infection  probably  exists, 
the  absence  of  A.  flavus  from  soybean  seeds  raises 
interesting  questions  as  to  how  the  soybean  escapes. 
Soybean  pods  and  seeds  develop  in  a  "closed  canopy" 
similar  to  cotton,  but  the  leaves  are  shed  prior  to 
maturation  of  the  crop.  Normally,  the  final  stages  of 
ripening  proceed  rapidly,  a  drop  in  seed  moisture 
from  65  percent  to  less  than  20  percent  occurring  in 
as  short  a  time  as  3  days.  The  pods  and  seeds  thus 
usually  dry  to  a  safe  moisture  level  before  harvest. 
Soybeans  are  marketed  on  a  basis  of  12  percent  mois- 
ture, and  usually  have  dried  to  about  this  level  before 
they  are  harvested.  They  probably  constitute  a  less 


favorable  environment  moisture-wise  for  A.  flavus  than 
do  peanuts  and  cotton. 

There  is  the  further  interesting  possibility  that  soy- 
beans contain  some  physiological  protective  mecha- 
nism, such  as  an  inhibitor.  A.  flavus  has  grown  poorly 
for  us  on  live  soybean  seed,  but  it  grows  luxuriantly 
on  autoclaved  soybeans,  in  contrast  to  the  observation 
in  cotton  that  the  bright  greenish  yellow  fluorescence 
(BGY)  indicative  of  contamination  by  A.  flavus  was 
produced  only  on  living  materials. 

We  have  sought  such  inhibiting  materials  in  soy- 
beans without  much  success.  Recently,  we  have  seen 
evidence  that  magnesium,  calcium,  and  boron,  at 
levels  that  occur  in  soybeans,  reduce  aflatoxin  produc- 
tion on  a  defined  medium  (J.  U.  Paxton,  unpublished 
progress  report,  USDA  extramural  cooperative  agree- 
ment 12-14-100-8476(34)).  These  elements  arc  of 
particular  interest  because  they  occur  in  soybeans  at 
appreciably  higher  levels  than  in  the  cereals.  When 
magnesium  and  boron  levels  in  the  culture  medium 
were  reduced  to  levels  comparable  to  those  in  cereals, 
better  fungal  growth  occurred.  The  level  of  these 
inorganic  constituents  may  have  something  to  do  with 
the  poor  affinity  of  A.  flavus  for  soybeans. 
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THE  EFFECT  OF  AFLATOXIN 

ON  CHICK-EMBRYO  LIVER  CELLS  IN  VITRO 


by  Kiyoshi  Terao  and  Komei  Miyaki 
Institute  of  Food  Microbiology,  Chiba  University, 
Narashino,  Chiba,  Japan 


Summary 

In  the  presence  of  anatoxin,  cultured  parenchymal 
cells  originated  from  the  12-day-old  chick-embryo 
liver  were  found  to  be  more  susceptible  than  mesen- 
chymal cells  in  terms  of  nucleolus  degeneration.  Ra- 
dioautographs  with  3H-uridine  and  3H-1 -leucine 
revealed  that  this  degeneration  of  nucleolus  caused 
an  inhibition  of  RNA  synthesis  followed  by  protein 
synthesis.  Using  the  present  cell  system,  the  relation 
between  chemical  structures  and  toxicities  of  ana- 
toxins (Bi,  B2,  and  tetrahydrodesoxoaflatoxin  Bi)  were 
tested. 

Introduction 

It  is  the  purpose  of  this  report  to  summarize  find- 
ings obtained  in  our  previous  publications  (6,  7). 
There  are  three  points  which  we  hope  to  make:  (1) 
As  to  the  effect  of  aflatoxin  on  the  cultured  liver 
cells,  our  findings  lend  further  support  to  the  belief 
that  aflatoxin  acts  specifically  on  the  liver  parenchy- 
mal cells  by  means  of  inhibition  of  RNA  biosynthesis 
in  nucleolus;  (2)  there  are  similarities  of  effects  of 
aflatoxin  and  actinomycin  D,  observation  of  radio- 
autographs  reveal  that  the  inhibition  of  RNA  biosyn- 
thesis by  aflatoxin  resembles,  at  the  cytological  level, 
the  effects  caused  by  actinomycin  D  when  one  ob- 
serves the  behavior  of  parenchymal  cells  in  our  cell 
system.  However,  observations  on  mesenchymal  cells 
in  the  cell  system  suggest  that  the  mode  of  action  of 
aflatoxin  is  somewhat  different  from  that  of  actinomy- 
cin D;  (3)  a  similarity  in  chemical  structure  and 
wide  range  in  toxicity  is  revealed  when  vising  pure 
aflatoxin  Bi,  dihydroaflatoxin  Bi  (B2),  and  tetrahy- 
drodesoxoaflatoxin Bi  in  tests  employing  primary 
culture  of  12-day-old  chick-embryo  liver  cells. 

Materials  and  Methods 

Cell  culture.— Freshly  dissected  livers  from  12-day- 
old  chick  embryo  were  prepared  for  primary  culture. 
After  trypsinizing,  the  cells  grown  as  monolayers  in 
bottle  cultures  on  glass  covcrslips  at  37°  C,  Eagle's 


Minimal  Essential  Medium  was  supplemented  with 
5  percent  calf  serum,  100  units  per  milliliter  penicillin, 
and  100  pg./ml.  streptomycin. 

Agents  tested. — Crude  anatoxin  (a  mixture  of  B 
and  G)  was  received  as  a  gift  from  Ur.  G.  X.  Wogan, 
Massachusetts  Institute  of  Technology.  Aflatoxin  B|, 
aflatoxin  B2,  and  tetrahydrodesoxoaflatoxin  Bi,  were 
prepared  by  Dr.  M.  Yamazaki,  Institute  of  Food 
Microbiology,  Chiba  University,  Japan. 

Experiment  I.— Crude  aflatoxin  at  a  concentra- 
tion of  100,  50,  10,  or  I  ng./m\.  was  applied  for  0.5, 
1,  3,  6,  12,  or  24  hours.  The  control  culture,  incubated 
in  parallel  contained  no  aflatoxin.  After  fixation  with 
acetic  acid-ethanol-formalin,  the  cells  were  stained 
with  PAS-Hematoxylin  and  the  areas  of  nucleoli 
were  calculated  as  circles  or  ellipses.  One  hundred 
liver  parenchymal  cells  and  100  mesenchymal  cells 
were  measured  on  the  same  coverslips. 

Experiment  II.— The  cells  were  treated  with  crude 
aflatoxin  at  concentrations  of  10  or  0.3  /ig. /ml.  for 
0.5,  3,  or  24  hours.  For  the  final  30  minutes  each 
specimen  was  exposed  to  3H-uridine-5-t.  (specific  ac- 
tivity, 5.0  c./m.molc.,  Daiichi  Chemicals,  Tokyo)  at  a 
final  concentration  of  3  /tc./ml. 

Experiment  III. — After  the  incubation  with  crude 
aflatoxin  1  /ig./ml.  for  5,  15,  or  30  minutes  the  cover- 
slips,  with  attached  growing  cells,  were  rinsed  three 
times  with  Hank's  balanced  salt  solution  and  then 
labeled  for  5  hours  with  3H-uridine  or  3H-1 -leucine 
(specific  activity  144  c./m.mole.,  Daiichi  Chemicals, 
Tokyo)  at  a  final  concentration  of  3  /ig./ml. 

Experiment  IV.— After  the  incubation  with  afla- 
toxin Bi,  B2,  and  tetrahydrodesoxoaflatoxin  Bi  at 
the  concentration  of  10  jig. /ml.  each,  for  5,  15,  30, 
60,  180,  and  360  minutes,  the  coverslips  were  treated 
as  in  experiment  III  and  then  labeled  for  5  hours 
with  3H-uridine  at  a  final  concentration  of  3  nc./m\. 

In  experiments  II,  III,  and  IV,  the  cells  were 
coated  with  Sakura  NRHi  or  NRM2  liquid  emulsion. 
After  exposure  and  development  of  radioautographs, 
they  were  then  stained  with  toluidine  blue.  Incorpora- 
tion of  isotopes  was  measured  by  counting  silver  grains 
over  the  various  cellular  structures,  such  as  the  nucle- 
olus, karyoplasm,  and  cytoplasm  for  experiments  II, 
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and  III.  For  experiment  IV,  silver  grains  over  cells 
were  measured  on  the  same  covcrslips. 

Results 

Experiment  L — The  cytological  changes  after  the 
addition  of  aflatoxin  included  a  marked  quantita- 
tive decrease  or  fading  of  the  liver  parenchymal  cell 
nucleoli.  At  the  initial  stage,  there  were  few  patho- 
logical changes  in  the  cytoplasm.  Areas  of  light  and 
dark  staining  were  observed  in  nucleoli  of  most  of  the 
parenchymal  cells  in  various  concentration  of  the 
toxin.  The  nuclear  sap  become  so  clear  as  to  make  the 
perinucleolar  chromatin  prominent.  At  this  stage,  a 
marked  shrinkage  of  the  parenchymal  cell  nuclei  was 
evident.  The  mesenchymal  cells,  to  the  contrary,  were 
less  sensitive  to  the  toxic  agent.  Figures  1  and  2  show 
control  cells  and  the  cells  treated  with  aflatoxin  (1 
pg./mL)  for  24  hours.  It  was  clearly  demonstrated 
that  the  sensitiveities  of  parenchymal  and  mesenchy- 
mal cells  against  aflatoxin  are  completely  different. 
After  the  nucleoli  of  the  parenchymal  cells  had  dis- 
appeared, the  mesenchymal  cells  still  contained  dis- 
tinct nucleoli.  At  any  concentration  of  the  agent  this 
phenomenon  could  be  observed  sooner  or  later.  Even 
at  the  stage  of  complete  parenchymal  destruction, 
a  few  mesenchymal  cells  remained  with  prominent 
nucleoli. 


Figure  1.— Control  cells.  The  prominent  nucleoli  are  seen  in 
both  parenchymal  (P)  and  mesenchymal  (M)  cells. 

Table  1  shows  the  total  areas  of  nucleoli  of  both 
parenchymal  and  mesenchymal  liver  cells  which  had 
originated  from  12-day-old  chicken  embryo.  The  ten- 
dency at  the  higher  concentrations  of  100  and  50 
Mg./ml.  was  to  lower  the  total  areas  of  nucleoli  in 
both  cell  types.  For  example,  the  total  areas  of  nucle- 
oli of  100  parenchymal  cells  at  100  ug./ml.  was 
reduced  to  about  37.2  percent  of  the  control  value  at 
0.5  hour  and  those  of  mesenchymal  cells,  on  the 


m  ; 


Figure  2.— The  cells  treated  with  aflatoxin,  1  ^g.,,  ml.  for  24 
hours.  After  the  nucleoli  of  the  parenchymal  cells  (P)  have 
disappeared  the  mesenchymal  cell  (M)  still  contain  distinct 
nucleoli. 


Table  1.— The  total  areas  of  nucleoli  of  parenchymal  and 
mesenchymal  cells  originated  from  chick-embryo  liver 


Expo- 
sure Control 
time  (no  af- 

i  hour;  Concentration  of  anatoxin  (jig. /ml.)  latoxin) 


100  50  10  1 


Parenchymal  cells 


0.  5             >48.2        88.7  None  None   

1                 21.6         55.8  82.1  117.2   

3                   1.0         29.0  75.7  63.4   

6  3        12.8  21.2  56.3  129.3 

12                              4.6  10.0  32.3   

24   3.4  23.9   


Mesenchymal  cells 


0.  5   184.7  255.8  None  None   

1   171.3  202.2  355.2  331.9   

3   78.6  159.4  361.8  313.2   

6   55.7  104.9  305.4  353.7  353.7 

12   40.4  77.7  366.9  397.3  

24   38.8  45.8  359.7  360.4   


'UniU  arc  #»•*. 

Note. — 100  nucleoli  of  liver  parenchymal  cell*  ami  100  nucleoli  of 
mesenchymal  cell*  were  measured  on  the  name  covcr»lip«. 

other  hand,  decreased  to  52.3  percent.  In  3  hours 
this  value  dropped  to  1 .2  percent  in  the  parenchymal 
cells,  whereas  in  mesenchymal  cells  it  remained  at  22 
percent  of  the  control.  At  the  low  concentrations  (10 
and  1  ftg./niL),  however,  distinguishing  patterns  were 
seen.  For  the  mesenchymal  cells,  no  significant  differ- 
ence was  detectable  between  the  longest  and  the 
shortest  duration  employed,  whereas  at  a  concen- 
tration of  10  pg./ml.,  the  total  areas  of  nucleoli  of 
100  parenchymal  cells  were  reduced  to  2.6  percent  of 
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of  silver  grains  over  the  nucleoli,  karyoplasm,  and  cytoplasm  of  the 
chymal  cells  originated  from  12-day-old  chick-embryo  liver  cells. 


the  control  value  at  24  hours  and  those  in  1  jug./ml. 
fell  to  18.4  percent. 

Experiment  II.— In  the  presence  of  crude  afla- 
toxin at  a  concentration  of  10  /ig  /nil.,  the  distribution 
of  silver  grains  over  the  nucleolus  of  parenchymal  cell 
was  reduced  to  approximately  12.5  percent  of  the 
control  value  at  30  minutes  (fig.  3).  Those  over  the 
karyoplasm  decreased  to  35.9  percent.  After  3  hours 
exposure  there  were  no  silver  grains  over  cither  the 
nucleoli  or  the  karyoplasm.  In  mesenchymal  cells,  on 
the  other  hand,  no  significant  differences  were  ob- 
served through  24  hours.  A  few  silver  grains  over  the 
cytoplasm  were  seen. 

In  the  presence  of  crude  aflatoxin  at  a  concentration 
of  0.3  Mg  /ml.,  the  number  of  silver  grains  over  the 
nucleoli  of  the  parenchymal  cells  were  reduced  to  less 
than  25  percent  after  1  hour  exposure  and  those  over 
the  karyoplasm  were  reduced  to  less  than  44.5  percent 
(fig.  3).  But  there  were  no  significant  differences  in 
the  mesenchymal  cells  during  ensiling  24  hours  of 
aflatoxin  treatment  at  this  concentration. 

Experiment  III. — Table  2  shows  the  distribution 
of  3H-uridine  and  3H-1-Ieucine  incorporation  as  deter- 
mined by  the  average  number  of  silver  grains  per 
nucleolus,  karyoplasm,  and  cytoplasm  of  the  paren- 
chymal cells  at  an  early  stage.  Between  5  and  15 


minutes  after  the  administration  of  aflatoxin,  a  sudden 
decrease  of  labeling  by  3H-uridine  in  the  nucleoli  was 
observed.  On  the  other  hand,  there  was  no  significant 
reduction  of  the  silver  grains  over  the  karyoplasm 
and  cytoplasm  in  the  initial  15  minutes.  Data  on  the 
labeling  pattern  by  3H- 1 -leucine  show  that  silver 
grains  over  the  nucleolus  remained  fairly  constant  in 


Table  2.  — Distribution  of  silver  grains  over  the  nucleolus, 
karyoplasm  and  cytoplasm  of  the  parenchymal  cells 
after  the  administration  of  crude  aflatoxin,  1  Mg-/ml. 


Duration  of 

Distribution  of 

Incorporation  Incorporation 

treatment 

silver  grains 

of 

of 

(minutes) 

over: 

lH-uridine 

'H -leucine 

0_.  _. 

Nucleolus  

12.9  ±  1.2 

5.1  ±0.7 

Karyoplasm  

11.0  =fc  l.O 

1 1.8  ±  1.7 

Cytoplasm  

20.8  ±  2.2 

30.0  ±  2.8 

5.  

Nucleolus  

12.0  ±  1.2 

5.7  ±  0.5 

Karyoplasm  

1 1.0  ±0.7 

11.7  ±  1.8 

Cytoplasm  

.    19.0  ±  2.6 

26.3  ±  3.0 

ir>  

Nucleolus  

6.0  ±  1.0 

4.0  ±  1.3 

Karyoplasm  

.    10.5  ±  1.1 

II. 1  ±  2.7 

Cytoplasm  

20.9  ±  3.1 

35.3  ±  4.3 

30  

Nucleolus   _ 

0.2  ±  0.2 

0.8  ±  0.6 

Karyoplasm.  

6.8  ±  1.1 

9.0  ±  2.4 

Cytoplasm.  . . . 

9.2  ±  0.8 

19.3  ±  3.4 

Note  — The  dula  rrprewnt  the  ursiii  count  »to««c  nC  30  crlln  on  th« 
Rumi!  ffovraslip. 
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the  first  15  minutes.  After  30  minutes'  exposure  of  the 
toxin,  however,  sudden  inhibition  appeared.  No  de- 
tectable decrease  of  labeling  in  the  karyoplasm  was 
observed  up  to  30  minutes  after  the  treatment.  Be- 
tween 15  and  30  minutes  after  the  exposure  to  ana- 
toxin there  was  a  30  percent  lowering  of  cytoplasmic 
labeling. 

Experiment  IV. — In  the  specimen  treated  with 
aflatoxin  Bi,  10  ug./ml.,  (fig.  4)  the  3H-uridinc  in- 
corporation into  parenchymal  cells  has  been  heavily 
inhibited  by  aflatoxin  Bi.  The  reduction  of  the  in- 
corporation was  seen  within  5  minutes  and  after  I 
hour  exposure  the  silver  grains  were  scarcely  seen 
over  the  parenchymal  cells.  Those  grains  over  •<• 
mesenchymal  cells,  on  the  other  hand,  were  rcduc  i  1 
only  slightly  even  after  6  hours'  exposure. 

In  the  specimen  treated  with  aflatoxin  B2,  10 
/ig./ml.,  contrary  to  the  results  with  aflatoxin  Bi,  the 
inhibition  was  only  moderate.  The  reduction  of  uptake 
of  3H-uridine  appeared  30  minutes  after  the  adminis- 
tration of  B2.  During  the  first  hour  the  silver  grains 
decreased  to  45.5  percent  of  the  initial  stage.  The 


incorporation  of  3H-uridine  was  reduced  to  40  percent 
even  6  hours'  exposure. 

In  the  specimen  treated  with  tetrahydrodesoxo- 
aflatoxin  Bi,  10  ug./ml.,  no  significant  differences 
were  observed  between  the  intensities  of  3H-uridine 
labeled  cells  in  the  control  and  those  of  the  toxin 
treated  cells. 

Discussion 

From  cytological  observations  and  data  on  the  in- 
corporation of  3H-uridine  into  RNA  of  cultured  liver 
cells  of  chicken  embryo  it  was  clearly  demonstrated 
that  aflatoxin  had  a  strong  affinity  for  parenchymal 
cells.  Different  susceptibilities  between  parenchymal 
and  mesenchymal  cells  in  this  cell  system  to  some 
agents  other  than  anatoxins,  such  as  actinomycin  D, 
mitomycin  C,  and  acridine  orange,  have  been  re- 
ported (7).  The  different  cell  and  nuclear  membrane 
permeabilities  to  these  agents  may  play  a  significant 
role.  Growth  rate,  nucleotide  and  protein  metabolism 
dissimilarities  should  also  be  considered. 
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Figure  4.-The 


of  ^-uridine  into  RNA  of  liver  parenchymal  cells  after  the  administration  of  various  ; 


Digitized  by  Google 


MYCOTOXINS 


Zonal  transformation  of  nucleolus  in  the  paren- 
chymal cell  at  the  initial  stage  may  be  a  secondary 
change  dependent  upon  disturbance  in  the  configura- 
tion of  DNA  and  results  in  a  consequent  alteration  in 
RNA  and  protein  synthesis  (5). 

Altered  incorporation  of  labeled  precursor  into 
RNA  and  labeled  amino  acid  into  proteins  caused  by 
aflatoxins  have  been  studied  in  a  number  of  biological 
system  (/,  4,  7,  8).  In  liver  slices  from  control  rats, 
there  was  an  immediate  inhibition  of  14C-orotic  acid 
incorporation  into  RNA,  whereas  the  inhibition  of 
l4C-leucinc  into  protein  took  some  15  minutes  to 
develop  (/).  At  the  optimal  concentration  of  actino- 
mycin  D,  RNA  biosynthesis  in  the  nucleolus  is  specifi- 
cally affected,  whereas  those  in  the  karyoplasm 
remained  fairly  constant  (3).  Present  data  on  radio- 
autograph  with  sH-uridine  and  >H-1 -leucine  agree 
with  the  data  of  the  above-mentioned  experiments. 
Our  results  confirmed  that  a  primary  effect  of  aria- 
toxin  was  the  blocking  of  RNA  biosynthesis  especially 
in  the  nucleolus.  These  data  are  very  similar  to  those 
on  the  effects  of  actinomycin  D  on  the  RNA  biosyn- 
thesis of  living  cells.  In  our  previous  reports,  however, 
it  was  demonstrated  cither  cytologically  or  radioauto- 
graphically,  that  the  action  of  anatoxin  was  somewhat 
different  from  that  of  actinomycin  D  in  cell  culture 
of  the  chick-embryo  liver  (6*,  7)  in  that  parenchy- 
mal cells  were  more  susceptible  to  anatoxin  than  the 
mesenchymal  cells  and  the  former  were  more  resistant 
to  actinomycin  D  than  the  latter.  The  difference  be- 
tween the  susceptibilities  of  the  parenchymal  and 
mesenchymal  cells  to  aflatoxin  and/or  actinomycin  D 
has  not  yet  been  satisfactorily  explained. 

It  is  obvious  from  the  results  mentioned  above  that 
the  presence  of  a  double  bond  in  difuran  structure  of 
aflatoxin  Bi  markedly  affected  the  biosynthesis  of 
RNA.  The  fact  that  tetrahydrodesoxoaflatoxin  Bi  did 
not  affect  RNA  biosynthesis  has  led  us  to  following 
consideration.  The  carbonyl  group  in  cyclopentenone 
portion  of  Bi  and  B:  may  play  an  important  role  in 
the  inhibition  of  RNA  biosynthesis.  Various  aflatoxins 
have  a  wide  range  in  toxicity  as  determined  by  their 
LD50  for  1 -day-old  ducklings.  According  to  Clifford 
and  her  collaborators  the  extent  of  inhibitor)-  action 
of  various  aflatoxins  (Bi,  Gi,  and  Gj)  on  the  macro- 
molecular  synthetic  reactions  was  proportional  to  the 
degree  of  spectral  shift  obtained  with  their  interaction 
with  DNA  (2).  It  is  thus  proposed  that  their  toxicity 
depends  upon  this  interaction.  The  double  bond  in 
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the  difuran  structure  of  Bi  and  the  carbonyl  group  in 
cyclopentenone  portion  of  Bi  and  B2  may  relate  to 
the  interaction  of  the  toxins  with  DNA  (fig.  5). 


affcloiin  B,  di**4ro*|Utonin  Bi 

(afUtotm  B.) 


telrahydrodvsOKMfUtoain  B< 


Figure  5.— Chemical  structures  of  aflatoxins;  aflatoxin  Bi, 
aflatoxin  B2  (dlhydroaffatoxln  Bi),  and  tetrahydrodesoxo- 
aflatoxin Bt. 
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Summary 

Practical  feeding  trials  involving  swine  and  beef 
catdc  have  been  conducted  in  order  to  determine  the 
deleterious  effects,  if  any,  of  graded  levels  of  aflatoxins 
in  the  rations.  In  addition,  analyses  of  the  tissues  of 
these  treated  animals,  both  chemically  and  biologi- 
cally, have  been  performed  in  order  to  determine 
whether  any  of  the  aflatoxins  in  the  rations  might  be 
transmitted  into  the  edible  meat. 

A  total  of  110  weanling  pigs  of  both  sexes  were 
divided  into  control  and  treated  groups  of  10  animals 
per  group  and  fed  dietary  levels  of  aflatoxin  in  the 
ration  ranging  from  0  to  810  p.p.b.  for  a  period  of 
120  days.  No  evidence  of  any  toxic  effects  were  ob- 
served at  levels  of  233  p.p.b.  dietary  aflatoxin  or 
below. 

Similarly,  50  cross-bred  Hereford  steers  were  fed 
five  dietary  levels  of  aflatoxins  ranging  from  0  to 
1,000  p.p.b.  for  a  period  of  4'/$  months.  No  evidence 
of  any  toxic  effects  was  observed  at  levels  of  300 
p.p.b.  dietary  aflatoxin  or  below. 

No  evidence  of  transmission  of  dietary  aflatoxin  in 
the  ration  into  edible  portions  of  the  swine  and  cattle 
was  observed  at  any  of  the  levels  studied. 

The  effects  of  graded  dietary  levels  of  aflatoxin  Bi 
dispersed  in  cottonseed  meal  were  studied  in  dairy- 
cattle  for  determination  of  the  transmission  and  pro- 
duction of  aflatoxin  Mi  in  milk.  Weekly  intake  of  67 
to  200  mg.  aflatoxin  Bi  produced  70  to  154  p.p.b. 
aflatoxin  Mj  in  the  lyophilized  milk.  An  important 
aspect  of  this  study  was  the  finding  of  complete  dis- 
appearance of  aflatoxin  Mi  in  the  milk  after  with- 
drawal of  dietary  aflatoxin  Bi  in  a  period  of  72  hours. 

Introduction 

In  1964,  as  a  result  of  joint  meetings  of  the  U.S. 
Department  of  Agriculture,  the  Food  and  Drug 
Administration  and  industry  research  groups,  proto- 
cols were  developed  for  the  purpose  of  determining: 
(1)  The  toxic  effects  of  graded  levels  of  aflatoxin  in 
selected  farm  animals,  and  (2)  the  study  of  the  possi- 
ble transmission  of  the  aflatoxins  in  feeds  into  the 
tissues,  milk,  and  eggs  of  appropriate  species.  The 
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logistic  problem  of  supplying  the  large  quantities  of 
aflatoxin  required  was  assigned  to  the  Fermentation 
Laboratory  of  the  Northern  Regional  Research  Lab- 
oratory-, Peoria,  III.,  the  problem  of  producing  afla- 
toxin-fortificd  peanut  and  cottonseed  meals  fell  to  the 
Oilseed  Crops  Laboratory  of  the  Southern  Regional 
Research  Laboratory,  New  Orleans,  La.,  the  toxi- 
cological  evaluations  were  made  by  the  Pharmacology 
Laboratory  of  the  Western  Regional  Research  Labo- 
ratory, Albany,  Calif.,  in  conjunction  with  the  Depart- 
ment of  Animal  Husbandry,  University  of  California, 
Davis,  Calif. 

Methods  and  Results 

Swine  feeding  trials.— The  swine  feeding  trial 
with  aflatoxin-contaminated  peanut  meals  was  divid- 
ed into  two  parts  involving  dietary  levels  of  aflatoxin 
Bi,  ranging  from  0  (soybean  control),  2,  7,  51,  105, 
and  233  p.p.b.  in  the  first  trial,  and  0,  6,  465,  600, 
and  810  p.p.b.  in  the  second  trial.  The  experimental 
groups  at  each  level  consisted  of  four  gilts  and  six 
barrows  (Duroc-Jersey)  starting  at  approximately  50 
lb.  weight  and  finishing  at  200  lb.  weight  at  slaughter. 
The  feeding  period  varied  from  110  to  120  days.  The 
diet  consisted  of  a  ration  comprising  75  percent  whole 
ground  barley,  15  percent  peanut  meal,  5  percent 
alfalfa  meal,  4  percent  meat  and  bone  meal,  0.5  per- 
cent salt  and  0.5  percent  vitamin  premix. 

Up  to  and  including  dietary  levels  of  233  p.p.b. 
aflatoxin  Bi  all  results  were  negative  in  the  sense 
that  no  significant  differences  were  noted  between 
control  and  treated  groups  with  respect  to  mean  weight 
gains,  total  feed  intake  and  feed  efficiency  values  (ta- 
ble 1).  Blood  samples  taken  four  times  during  this 
period  for  hematological  and  biochemical  evaluation 
revealed  no  significant  differences  for  hemoglobin, 
hematocrit,  red  cell  count,  white  cell  count,  and  dif- 
ferential leukocyte  counts.  No  differences  were  found 
with  respect  to  plasma  transaminase,  NPN,  urea  N, 
copper  and  vitamin  A.  The  only  parameter  showing 
a  significant  increase  at  the  5  percent  probability 
level  was  serum  alkaline  phosphatase.  Electrophoretic 
separation  of  the  albumin  and  globulin  fractions  of 
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Table  1.— Effect  of  aflatoxin  on  rate 
of  gain  and  feed  conversion 


Aflatoxin  content  of 


ration  (p.p.b.)  . 

VK  K    '  Average 

Gain/ 

Kind  of  ■ 

daily  gain 1 

feed 

meal 

B, 

It* 

G.  (kg.) 

(kg.) 

TRIAL  1 

Soybean  

(') 

(') 

(•')  0.58 

0.24 

Peanut  

<2 

(5) 

(!)  .67 

.24 

Do.... 

<8 

(•) 

(*)  .69 

.25 

Do.... 

51 

(!) 

(s)  -65 

.25 

Do.... 

105 

52 

15  .62 

.26 

Do.__. 

233 

70  .62 

.24 

TRIAL  2 

Soybean  

(s) 

(*) 

(»)  0.75» 

0.26 

Peanut  

<0 

(*) 

(')  .71»b 

.26 

Do.... 

450 

H 

30  .68»b 

.27 

Do..__ 

615 

105 

45               .60  b 

.27 

Do.... 

810 

135 

60              .47  c 

.23 

"Vulur*  with  unlike  letter.  »re  sigtiifienntly  different  (1'  <  0.05). 
•None  delected. 


these  samples  revealed  no  significant  difference  in 
the  gamma  globulin  fraction. 

At  autopsy,  no  significant  differences  were  found 
with  respect  to  organ  weights  (kidneys,  liver,  spleen, 
adrenals,  and  thyroid).  Histopathological  examina- 
tion of  some  20  tissues  showed  no  pathological 
abnormalities  related  to  aflatoxin  intake. 

In  the  second  part  of  the  trial  involving  relatively 
high  dietary  levels  of  aflatoxin  intake  (465,  600,  and 
810  p.p.b.)  significant  differences  were  observed  at 
one  or  more  levels  between  control  and  treated  groups 
with  respect  to  weight  gains,  feed  efficiency,  and  organ 
weights  (liver  and  kidneys)  (table  2).  Significant  ele- 
vations of  serum  alkaline  phosphatase,  serum,  isocitric 
dehydrogenase,  and  serum  glutamic-oxalacitic  trans- 
aminase occurred  at  the  465-800  p.p.b.  levels  of  afla- 
toxin intake  while,  correspondingly,  a  decrease  in 
blood  urea  nitrogen  was  observed.  Storage  of  vitamin 
A  in  the  liver  decreased  with  increasing  aflatoxin 
dosage.  Biochemical  factors  not  altered  at  these  dose 
levels  included  serum  glutamic-pyruvic  transaminase 
and  liver  alkaline  phosphatase.  The  lowest  level  of 
dietary  aflatoxin  intake  which  produced  histologic 
lesions  was  450  p.p.b.  These  included  karyomegaly, 
cytoplasmic  degeneration  and  proliferation  of  fibrous 
tissue,  and  bile  ductule  epithelium.  Hepatocellular 
alinement  into  tubular-shaped  structures  and  devel- 
opment of  centrilobular  plexuses  occurred  at  the  810 
p.p.b.  level.  Lipidosis  was  minimal. 

Blood  and  tissues  (lean  meat,  fat,  spleen,  liver,  and 
kidneys)  were  collected  at  slaughter,  lyophilizcd  and 
then  subjected  to  chemical  and  biological  assays.  All 


Table  2.— Pig  organ  weights 


Afla- 

toxin 

B, 

Adrc-  Thy- 

ration 

Liver 

Kidney 

Spleen 

Heart 

nals  roid 

(p.p.b.) 

<B.) 

(g-) 

(«?•) 

(g.) 

<*■)  (g.) 

0 

714  ±  22 

134  ±  4 

42 

142 

1.69  3.1 

5.5 

749  ±  24 

118  ±  5 

4-1 

139 

1.99  3.06 

450 

'917  ±  41 

133  ±  5 

51 

153 

2.0  3.45 

615 

'970  ±  40 

136  ±  5 

48 

153 

2.06  3.20 

810 

M067  ±  39 

•168  ±  20 

58 

141 

2.26  3.61 

'P  =  <  0  01. 


tissues  including  blood  showed  no  chemical  or  bio- 
logical evidence  of  aflatoxin  residues  detectable  by 
current  assay  methods.  In  addition  to  the  conven- 
tional assay,  2-  and  6-week  feeding  studies  in  duck- 
lings were  run  using  weight  gain  and  histopathological 
examination  as  criteria  of  toxic  effects  possibly  due  to 
metabolites  of  aflatoxin  not  detectable  by  current 
chemical  and  biological  methods. 

Cattle  feeding  trials. — Twenty  tons  of  prime  qual- 
ity California-grown  cottonseed  meal,  containing  not 
less  than  41  percent  protein  and  not  more  than  0.04 
percent  free  gossypol,  was  purchased  locally  for  the 
feeding  trial.  Three  tons  of  this  meal  was  shipped  to 
the  Southern  Regional  Research  Laboratory  for  forti- 
fying with  mold  (containing  aflatoxin)  grown  on  rice 
at  the  Northern  Regional  Research  Laboratory.  The 
aflatoxin  was  produced  on  a  rice  substrate  at  the 
Northern  Regional  Research  Laboratory,  Peoria,  111., 
as  described  by  O.  L.  Shotweli,  et  al.  (.7).  The  proce- 
dure used  for  fortilication  of  the  cottonseed  meal  at 
the  Southern  Regional  Research  Laboratory,  New 
Orleans,  La.,  was  described  previously  (/). 

The  aflatoxin  Bi  content  of  the  fortified  meal  was 
11,000  p.p.b.  The  composition  of  the  basal  ration  in 
percentage  was  as  follows:  Alfalfa  hay  14,  oat  hay  6, 
beet  pulp  8,  milo  20,  barley  24,  cottonseed  meal  15, 
fat  2,  molasses  10,  and  salt  1.  Vitamin  A  and  a  small 
quantity  of  oyster  shell  flour  were  also  added. 

Fifty  cross-bred  beef  steers  purchased  on  the  open 
market  at  age  6  to  8  months  and  in  a  body  weight 
range  of  400  to  500  pounds  were  used.  The  animals 
were  randomly  divided  and  housed  in  groups  of  five, 
two  groups  of  five  steers  being  assigned  to  each  level 
of  aflatoxin  fed.  Animal  weights  were  recorded  ini- 
tially and  at  4-week  intervals,  each  weighing  being 
preceded  by  withholding  of  feed  and  water  overnight. 
Feed  consumption  records  were  maintained  lor  each 
group  of  five  steers. 

Blood  samples  (50  ml.)  were  taken  by  jugular 
vein  from  10  steers  per  week  during  the  feeding  trial 
for  hematology  and  biochemical  measurements. 
Complete  autopsies  at  the  rate  of  five  steers  per  week 
were  initiated  when  the  feeding  trial  had  progressed 
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for  133  days.  The  last  group  was  slaughtered  at  196 
days.  Organ  weights  were  recorded  for  liver,  kidneys, 
spleen,  heart,  and  adrenals.  Tissues  were  also  pre- 
served in  formaldehyde  for  microscopic  examination. 

Mean  weight  gain  and  feed  efficiencies  at  the  end 
of  133  days  arc  summarized  in  table  3.  Both  weight 
gains  and  feed  efficiencies  appear  to  have  lx;en  ad- 
versely affected,  especially  when  the  level  of  aflatoxin 
in  the  ration  was  increased  to  700  and  1,000  p.p.b. 

Weekly  hematology  evaluations  were  made  during 
the  course  of  the  feeding  trial.  No  effects  related  to 
aflatoxin  intake  could  be  detected  from  the  hemato- 
crit, hemoglobin,  red  blood  cell,  and  white  cell  values. 
The  blood  cholesterol  values  were  unaffected  by  the 
ingestion  of  aflatoxin. 

Table  3.- Beef  cattle  cottonseed  meal  (aflatoxin) 
feeding  trial 


Mean  body  weights 


After  Feed 
Ration         Initial       133  days    Daily  gain  efficiency 
(p.p.b.)         (lb.)  (lb-)  (lb.)  (gain/feed) 


Control   401  734  2.50  0.152 

100   427  777  2.63  .143 

300    417  738  2.41  .139 

700   406  (359  1.90  1  .134 

1,000   433  >079  1.85  1  .130 


>S  »Uf  r»  wire  cunfiiml  in  rrielabohem  ciwce  for  1  week. 
'1  steer  died  on  the  59th  cUy  of  ex|«riuu-ui. 

Table  4.— Effect  of  aflatoxin  ingestion  on 
organ  weights  of  beef  cattle 


Mean  organ  weights  (grams  per  100-pound 
body  weight) 


Aflatoxin 
(p.p.b.) 

Liver 

Spleen 

Heart 

Kidneys 
(2) 

Adrenals 

12) 

Control  

604 

98 

193 

90 

1.5 

100.  

'662 

103 

194 

98 

1.9 

300  

622 

83 

189 

96 

1.8 

700  

'739 

92 

208 

M06 

2.1 

1,000 

'706 

89 

193 

'106 

1.6 

>!•  =  <  0.05. 


At  autopsy,  liver,  spleen,  heart,  kidney,  and  adrenal 
weights  were  recorded  (table  4).  The  organ  weights 
per  100  pounds  body  weight  all  appear  to  be  within 
the  range  of  the  control  group  values  with  the  excep- 
tion of  liver  weights  which  increased  when  the  level 
of  aflatoxin  in  the  ration  was  700  p.p.b.  or  higher. 
The  liver  from  three  of  eight  steers  fed  1,000  p.p.b. 
and  two  of  10  steers  fed  700  p.p.b.  were  grossly  abnor- 
mal being  greyish  in  color,  enlarged  and  having  a 
fibrous  (rubbery)  texture.  Below  700  p.p.b.  no  gross 
liver  abnormalities  were  observed. 


From  these  results  (excluding  the  microscopic  and 
blood  enzyme  studies)  it  was  tentatively  concluded 
that  no  abnormal  effects  were  produced  when  the 
aflatoxin  level  in  the  rations  was  300  p.p.b.  or  lower. 
Evidence  of  liver  damage  was  observed  when  the 
aflatoxin  level  was  700  p.p.b.  or  higher. 

The  serum  enzymes,  alkaline  phosphatase,  and 
malic  dehydrogenase  increased  in  activity  in  response 
to  aflatoxin,  while  lactic  dehydrogenase  decreased. 
Blood  urea  nitrogen,  serum  albumin,  and  total  scrum 
protein  all  decreased.  Glutamic-oxalacetic  transami- 
nase and  isocitric  dehydrogenase  values  were  not  af- 
fected. A  possible  significant  no-effect  level  of  dietary 
aflatoxin  may  be  estimated  from  these  blood  factors 
to  lie  between  300  and  700  p.p.b. 

Liver  glutamic-oxalacetic  transaminase,  malic  and 
isocitric  dehydrogenases  all  became  depressed  in  re- 
sponse to  aflatoxin.  No-effect  levels  were  generally 
estimated  to  be  between  100  to  300  p.p.b.  Lipid  and 
vitamin  A  also  decreased,  however,  with  a  no-effect 
level  here  of  700  to  1,000  p.p.b.  Alkaline  phosphatase, 
lactic  dehydrogenase,  and  glycogen  values  were  unaf- 
fected. 

The  microscopic  findings  in  tissues  of  the  cattle 
were  less  clearly  defined,  except  at  the  higher  levels 
(700  to  1,000  p.p.b.),  than  were  found  in  the  exami- 
nation of  the  swine  tissues.  In  general,  varying  degrees 
of  hepatic  cell  enlargement,  enlarged  nuclei,  and  bile 
duct  proliferation  was  present,  the  severity  of  which 
was  not  directly  related  to  aflatoxin  intake.  The  less- 
ened intensity  of  hepatocytc  alteration,  greater  irreg- 
ularity in  location  of  bile  duct  proliferation  and  fibro- 
sis distinguished  these  lesions  from  those  found  in 
swine. 

At  slaughter,  no  chemical  or  biological  evidence  of 
aflatoxin  residues  were  detectable  in  the  tissues. 
However,  blood  samples  taken  from  cattle  on  the 
highest  level  (1,000  p.p.b.)  showed  the  presence  of 
traces  of  aflatoxin  Bi  and  Mi.  Twenty-four  hours 
later  when  food  had  been  withheld,  neither  of  these 
compounds  was  detectable,  indicating  the  rapid  clear- 
ance of  these  materials  from  the  blood  by  the  kidneys. 

Dairy  feeding  trials.— The  objective  of  these  pre- 
liminary experiments  was  the  production  of  sufficient 
aflatoxin  Mi  for  purposes  of  structure  proof.  The 
dietary  regimen  was  not  precisely  representative  of 
daily  practices  because  large  quantities  of  contami- 
nated peanut  meals  were  used  to  provide  the  aflatoxin 
Bi  in  the  diet;  however,  the  effects  of  dietary  aflatoxin 
Bi  on  the  aflatoxin  Mi  content  of  the  milk  arc  shown 
in  table  ">.  Aflatoxin  Mi  was  estimated  by  the  method 
of  Masri  et  al.  (2). 

Briefly,  whole  dried  milk  was  extracted  in  a  Waring 
Blendor  with  a  measured  volume  of  aqueous  methanol 
(1:1  vol.).  After  ccntrifugation,  the  supernatant  was 
filtered  over  a  thin  layer  of  Celite  and  the  filtrate  was 
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Table  5.— Aflatoxin  M  in  milk  from  cow  1  while 
on  weekly  varying  dosage  of  aflatoxin  B, 


Average  feed  intake, 
Weeks  Fresh  lb.  per  day  M  in 


on 
exper- 
iment 

in  week 
(mfi.) 

IIllJK  lOl 

work 

(lb.) 

Hay 

Concen- 
trate 

dry 
milk 

(p.p.b.) 

1 

0.4 

428 

23.1 

24.6 

67.0 

423 

22.4 

29.4 

70 

3 

89.0 

419 

25.0 

32.0 

107 

4 

120.0 

3B0 

23.2 

28.1 

133 

"i 

169.0 

350 

24.3 

29.7 

129 

<> 

206.0 

•313 

23.2 

24.0 

154 

7 

175.0 

282 

22.2 

9.0 

118 

J! 

0 

290 

21.2 

IK 

measured  and  defatted  once  with  an  equal  volume  of 
Skcllysolvc  F.  Aflatoxin  M  was  extracted  from  the 
defatted  extract  by  3  x  '/2  vol.  of  chloroform.  The 
separate  chloroform  extracts  were  washed  successively 
in  order  with  two  water  washes  (also  kept  in  order), 
each  was  equal  to  Yi  vol.  of  a  single  chloroform 
extract.  The  washed  chloroform  extracts  were  com- 
bined and  evaporated  and  the  residue  was  purified 
on  a  silica  gel  cleanup  column  and  the  aflatoxin  M 
in  the  cluatc  was  quantitatcd  after  thin-layer  chroma- 
tography spectrophotometrically  or  (when  concentra- 
tion in  dry  milk  was  less  than  5  p.p.b.)  by  means  of 
visual  comparison  under  ultraviolet  light. 

An  interesting  aspect  of  the  study  was  related  to 
the  disappearance  of  aflatoxin  M  from  the  milk  fol- 
lowing withdrawal  of  aflatoxin  Bj.  With  cow  1  only 
one  analysis  was  obtained  on  pooled  milk  produced 
in  1  week  immediately  following  the  withdrawal.  The 

Table  6. -Aflatoxin  M  in  milk  from  cows  3,  4, 
and  6  following  withdrawal  of  aflatoxin  Bt 


Aflatoxin  M  in  dry  milk  (p.p.b.  ) 

£j£c  Days  after  withdrawal 

with- 

Cow     drawal         1  2  3  4  7 


3  82  44  17  5    5 

4  96  55  27    3  1 

6  1,500  718         434  285  160   


value  obtained  was  18  p.p.b.  in  the  dry  milk  versus  1 18 
p.p.b.  for  the  previous  week.  More  detailed  data  were 
obtained  with  cows  3,  4,  and  6,  and  the  results  appear 
in  table  6. 

A  conclusion  of  practical  significance  from  these 
data  is  that  milk  produced  by  cows  that  arc  known 
to  have  consumed  aflatoxin  contaminated  feed  would 
be  expected  to  be  essentially  free  of  aflatoxin  M  after 
the  elapse  of  relatively  only  a  short  period  of  time 
following  the  withdrawal  of  the  contaminated  feed. 

Conclusions 

The  design  of  the  reported  experiments  was  practi- 
cal in  nature  and  conformed  to  American  animal 
husbandry  practices.  While  the  results  do  not  add  to 
the  mounting  literature  attempting  to  explain  the 
mechanism  of  action  of  the  aflatoxins,  they  provide  a 
basis  for  the  establishment  of  no-effect  levels  under 
the  reported  experimental  conditions.  The  failure  to 
find  aflatoxin  in  the  blood  of  the  animals  at  the 
highest  dietary  levels  fed,  after  a  24-hour  period  of 
withdrawal  of  fodder,  tends  to  suggest  a  method  of 
control  of  possible  transmission  of  aflatoxins  from  feed 
into  edible  tissues.  Extrapolation  of  these  results  to 
other  dietary  regimens  or  species  is  unwarranted. 
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Summary 

In  order  to  determine  the  biochemical  action  of 
nivalenol  and  related  toxins  produced  by  Fusarium 
nivale,  an  investigation  was  made  of  their  effect  on 
protein  synthesis  in  animal  cells  with  the  following 
results:  (1)  With  mice,  nivalenol  inhibited  the  in  vivo 
uptake  of  C'Meucine  into  protein  of  the  spleen  and 
the  small  intestine;  (2)  with  Ehrlich  ascites  tumor 
cells,  nivalenol  inhibited  the  uptake  of  C'Meucine  and 
Cu-thymidine  without  affecting  the  uptake  of  C14- 
uracil  and  the  production  of  lactic  acid;  (3)  with  the 
whole  eel!  and  the  cell-free  system  of  rabbit  reticu- 
locytes, nivalenol,  and  fusarenon  inhibited  protein 
synthesis  at  the  ribosomal  level. 


Introduction 

Rice  infested  with  Fusarium  nivale  is  toxic  to  mice 
(5),  and  two  mycotoxins  have  been  isolated  from  the 
ethanol  extract  as  the  toxic  principles.  One  substance 
is  a  white  crystal,  named  nivalenol,  m.p.  222°  to  223° 
C,  and  the  other  is  a  white  powder,  named  fusarenon, 
m.p.  78°  to  80°  C.  (6",  7).  Pathological  examination 
has  revealed  that  an  ethanol  extract  of  rice  infested 
with  F.  nivale,  as  well  as  the  isolated  toxins,  induced 
in  mice  degeneration  and  necrosis  of  the  mucosal 
epithelium  of  the  small  intestine  and  destructive 
changes  in  lymph  node,  spleen,  thymus  and  bone 
marrow  (3, 5, 6).  These  pathological  findings  indicated 
that  the  toxins  of  F.  nivale  affected  actively-dividing 
cells  of  these  tissues.  On  the  other  hand,  Yates  et  al. 
(11,  12)  isolated  toxic  butcnolide  from  metabolites  of 
F.  nivale  (Fries)  as  causative  agent  for  "tall  fescue." 

In  the  present  paper,  the  author  investigated  the 
biochemical  mode  of  action  of  the  toxic  principles  of 
F.  nivale  and  the  results  obtained  indicated  that  ni- 
valenol and  fusarenon  inhibited  protein  synthesis  in 
animal  cells,  in  vivo  and  in  vitro.  Part  of  this  work  was 
reported  previously  {8,  9). 


Materials  and  Methods 

Toxins. — Nivalenol  and  chemically  synthesized 
butcnolide  (4-acctamide-4-hydroxy-2-butcnoic  acid- 
7-lactone)  were  kindly  supplied  by  Dr.  T.  Tatsuno 
the  Institute  of  Physical  and  Chemical  Research, 
Tokyo.  Fusarenon  was  kindly  supplied  by  Dr.  Mor- 
ooka,  the  National  Institute  of  Health,  Tokyo. 

In  vivo  uptake  of  Cl4-leucine  in  mice. — Male 
mice,  of  the  ddS  strain,  were  administered  40  pg./lO 
Mg.  body  weight  of  nivalenol,  intraperitoneally,  and 
I  hour  before  sacrifice,  1  C./IO  jig.  of  l-Cu-leucine 
(25  mC./mM.)  was  injected  through  the  same  route. 
Tissues  were  rapidly  removed  and  cooled  in  dry-ice 
powder.  After  homogenizing  the  tissues  with  ice-cold 
10  percent  perchloracetic  acid  (PCA),  protein  was 
fractionated  according  to  the  method  of  Magee  and 
Farbcr  (2)  in  order  to  count  the  radioactivity. 

Synthesis  of  macromolecules  in  tumor  cells. — 
Ehrlich  ascites  tumor  cells,  strain  4N,  were  maintained 
inddS-malc  mice  and  were  harvested  from  their  peri- 
toneal cavities.  After  washmg  the  cells  with  ice-cold 
0.9  percent  NaCl  solution,  the  packed  cells  were  mixed 
with  an  equal  volume  of  the  saline.  For  assay  of 
uptake  of  C'Mabcled  precursors,  0.2  ml.  of  the  cell 
suspen.ion  was  mixed  with  0.6  ml.  of  Locke-Ringer's 
solution  and  preincubated  at  37°  C,  with  shaking, 
for  15  minutes  in  the  presence  or  absence  of  the 
toxin.  After  the  preincubation,  0.1  nC  of  l-C,4-leu- 
cine,  2-Cl4-uracil  (21  mC./mM.)  or  2-C,4-thymi- 
dine  (50  mC./mM.)  was  added  to  the  reaction 
mixture,  mak  ng  a  total  volume  of  1 .0  ml.  The  incuba- 
tion was  continued  and  after  40  minutes  an  equal 
volume  of  an  ice-co  d  10  percent  PCA  was  added  to 
the  reaction  mixture.  Acid-insoluble  precipitates  were 
fractionated  into  protein,  RNA  and  DNA  according 
to  the  method  of  Reich  et  al.  (4).  To  study  glycolysis 
of  the  tumor  cells,  the  celh,  suspended  in  Locke- 
Ringer's  solution,  were  incubated  at  37°  C.  for  40 
minutes  in  Thunberg  tubes,  and  the  lactic  acid  formed 
was  measured  by  the  method  of  Barker  (/). 
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Synthesis  of  protein  in  rabbit  reticulocytes.— 

Studies  on  the  synthesis  of  protein  in  reticulocytes 
were  conducted  according  to  the  method  of  Weinstein 
ct  al.  (10). 

Results 

Inhibitory  effect  on  nivalenol  on  in  vivo  protein 
synthesis  in  mice. — When  40  ug./lO  g.  of  nivalenol 
were  administered  to  mice,  the  remarkable  reduction 
of  the  uptake  of  l-C14-leucine  into  protein  was  found 
with  the  spleen  tissue  and  the  tissue  of  the  small 
intestine,  and  a  slight  reduction  was  observed  with 
liver  and  kidney  tissues  (table  1). 


Table  1.— Inhibitory  effect  of  nivalenol  on  the 
In  vivo  uptake  of  C'Meucine  in  mice 


Incorporation  of  1  -C 1  '-leucine  into 
protein  (cU./min./mg.  protein)1 

Tissue 

Control 

b  hour 

140  hours 

Liver  

Kidney  

Small  intestine  

225  (100) 
271  (100) 
806(100) 
558  (100) 

195  (86) 
210  (77) 
119  (15) 
264  (45) 

210  (93) 
308  (113) 
100  (12) 
340  (61) 

>The  parentheses  indicate  the  percent  activity  of 


Inhibition  of  protein  and  DNA  syntheses  in 
tumor  cells.— In  the  case  of  Ehrlich  ascites  tumor 
cells,  1  to  10  ug./ml.  of  nivalenol  inhibited  the  uptake 
of  1-C "-leucine  and  2-C "-thymidine  without  affect- 
ing the  uptake  of  2-C14-uracil  (figure  1 ).  Furthermore, 
as  shown  in  tables  2  and  3,  the  inhibitory  action  of 
nivalenol  on  the  syntheses  of  protein  and  DNA  was 
remarkable  when  the  cells  were  preincubated  with  the 
toxin  and  the  reduced  syntheses  did  not  recover  even 
when  the  toxin  was  removed  from  the  incubation 
mixture. 

The  effects  of  toxin  on  energy  metabolism  of  the 
cells. — This  was  studied  by  observing  the  action  of  the 
toxin  on  glycolysis.  As  shown  in  table  4,  nivalenol  at 

Table  2.— Effects  of  preincubation  of  the  cell  with 
nivalenol  on  the  synthesis  of  protein  and  DNA 

Percent  activity  of  control 


Preincubation  time 
(minutes) 


Incorporation  of 
1-C'Mrucine 
into  protein 


Incorporation  of 
2-C '-thymidine 
into  DNA 


0 
20 


71 

38 


81 

57 


Note. — The  tumor  cell*  were  preincubated  for  0  min.  or  20  min.  with 
10  fig./nil.  of  the  tuxin  u(  »7"  C,  anil  alter  willing  C'Mnbcled  precursors 
the  oellA  were  continued  to  incubate  for  10  min. 


*  Uracil 


~-«  Thymidine 
Leucine 


Nivalenol  gu?/W) 


1.— Effects  of  nivalenol  on  the  syntheses  < 
DNA  and  RNA  in  tumor  cells. 

Ehrlich  ascites  tumor,  4N,  was  preincubated  with  the  toxin 
at  37°  C.  for  15  minutes,  and  after  the  addition  of  Cl«- 
precursors  the  reaction  mixture  was  incubated  for  40 


Table  3.— Irreversible  inactivation  of  the  synthetic 
activities  of  protein  and  DNA  in  tumor  colls  by  nivalenol 

Percent  activity  of  control 


Incubation 


Incorporation  of 
C '-leucine  into 


Incorporation  of 
Cu-thvmidine 
into  DNA 


Without  toxin . 
With  toxin  . . . 


42 
20 


70 
70 


Note. — The  tumor  cells  were  preincubated  with  10  mK  /ml.  of  nivalenol 
for  1 J  nun  ,  and  slier  addin«  (.'"-labeled  precursors  the  cells  were  continued 


to  incubate  for  iO  min..  in  (he  ubwnce  or  in  the 


of  the  toxin. 


concentrations  of  5  and  10  ng./m\.  did  not  affect  the 
aerobic  or  anaerobic  formation  of  lactic  acid  in  vivo. 

Inhibitory  effects  of  nivalenol  and  related  toxins 
on  the  protein  synthesis  in  rabbit  reticulocytes.— 

Comparative  effects  of  nivalenol,  fusarenon,  and  syn- 
thetic butenolide  on  rabbit  reticulocytes  are  shown  in 
table  5.  The  ED.™  of  nivalenol  and  fusarenon  on 
protein  synthesis  in  the  whole  reticulocyte  cell  was 
approximately  2.5  Mg./»»1.  whereas  butenolide,  up  to 
100  ug./ml.,  did  not  inhibit  synthesis  as  measured  by- 
uptake  of  1-C  "-leucine. 

In  order  to  further  elucidate  the  inhibitory  mecha- 
nism of  nivalenol  and  fusarenon  on  protein  synthesis, 
experiments  were  conducted  with  cell-free  systems 
from  reticulocytes.  As  shown  in  table  6,  nivalenol 
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4.— Effect  of  nivalenol  on  the  production  of 
lactic  acid  in  tumor  cells 


Nivalenol 
(pg./ml.) 

Lactic  acid  produced 
(jimoles./40  min.) 

Aerobic  Anaerobic 

0 
5 
10 

2.6 
3.2 
2.4 

3.1 
3.9 
3.1 

Table  5.- 
andot 

-Comparative  toxicities  of  r 
her  toxins  on  rabbit  retlculi 

livalenol 
ycytes 

Concentration 

Percent  activity  of  control  in 
the  uptake  of  1 -C 1 '-leucine 

of  toxins 
(Mg./ml.) 

Nivalenol  Fusarenon 

Butcnolidc 

0 

0.1 
0.25 
0.5 
1.0 
2.5 
10 

20 

100 


100 


90 
86 
49 
10 
4 


100 

91.2 
48.4 
20.6 
9.1 
4.9 


100 


100 
100 
100 
93 
93 


Not*. — The  reticulocyte*  were  prrjncubated  with  the  toxin*  for  15  min. 
»t  37'  C  .  and  alter  the  addition  ot  C'Meueioe  u,  the  reaction  mixture 
i  w*i*  incub*t«l  for  40  mm. 


Table  6.— Inhibitory  effects  of  nivalenol  and  fusarenon 
on  the  poly  U-dependent  incorporation  of 
C'«-phenylal«nir.e  and  C"-ph«nyl»lanyl-sRNA  into 

ypeptlde  in  the 


Percent  activity  of  control  (percent) 


Nivalenol 


r  usarenon 


Concentration 
(pg./ml.) 

C14-phe 

C"-phc 
-•RNA 

C'«-phe 

C"-phc 
-sRNA 

0.25 

61.7 

40.6 

82.3 

1.0 

33.9 

37.4 

32.9 

53.3 

2.5 

16.8 

27.2 

5 

9.0 

10 

7.9 

Not*. —  Kcaetjon  mixture  contained  the  following  compnncnta  (in 
poioles.  unless  otherwise  specified);  Tris  buffer  (pH  7.8)  10,  magnesium 
acetate  2.  KCI  24.  2-mercaptoethanol  1.2,  ATP  0.24.  OTP  0.01.  phoe- 
jjliouaolpyruvate  1.2.  pboaphopyruvate  kinase  10  poly  U  100  we  • 
l-C'-phenylalaninc  2  m,  proolos.  (0.05<<C.)  or  l-C'^phcnylalanyl-eRNA 
.  (1.310  eia./mln  ).  ribosome  1  mK.  and  pH  5  ensyme  0.1  m«.  Total 
i  was  0.4  ml.  Reaction  mixture  was  incubated  at  37°  C.  lor  00  min. 
ol  C'«-phenylalanyl-.RNA  pH  5 


Discussion 

Tatsuno  et  al.  (5)  have  shown  that  the  ethanol 
extract  of  rice  infested  with  F.  nivale  caused  cellular 
damage  in  the  tissues  of  mice,  especially  in  bone 
marrow,  thymus,  testis,  and  intestine,  and  that  the 
isolated  toxins  caused  similar  pathological  changes  in 
these  tissues.  These  pathological  findings  suggested 
that  the  toxic  principles  interfere  with  the  syntheses 
of  macromolecules  in  the  cells.  Therefore,  the  present 
author  investigated  the  effects  of  toxins  on  protein 
synthesis  in  animal  cells  such  as  tissues  of  mice,  tu- 
mor cells,  and  rabbit  reticulocytes. 

Nivalenol  affected  the  in  vivo  synthesis  of  protein  in 
tissues  of  mice,  and  the  synthesis  was  reduced  more 
markedly  in  spleen  and  intestinal  tissues  than  in  liver 
and  kidney.  This  finding  suggests  that  nivalenol 
affected  tissues  in  which  cells  are  actively  dividing, 
which  is  in  agreement  with  the  pathological  findings. 

In  the  case  of  tumor  cells,  nivalenol  interfered  with 
the  synthesis  of  protein  and  DNA.  This  inhibitory 
action  of  the  toxin  proved  to  be  irreversible.  However, 
the  inhibition  of  DNA  synthesis  by  nivalenol  was  not 
significant  when  the  toxin  was  added  to  the  reaction 
mixture  after  15  minutes  of  the  incubation,  and  the 
DNA-polymerase  of  the  cell  was  not  directly  affected 
by  nivalenol  (9).  Therefore,  the  reduced  synthesis  of 
DNA  is  presumably  caused  by  the  inhibition  of  syn- 
thesis of  an  enzyme  protein  required  for  DNA  syn- 
thesis. 

Nivalenol  and  fusarenon  inhibited  protein  synthesis 
in  rabbit  reticulocytes,  and  the  inhibitory  dose  of 
nivalenol  was  about  10  times  higher  than  that  of 
fusarenon.  However,  in  the  case  of  the  cell-free  system 
of  these  cells,  the  two  mycotoxins  impaired  both  the 
incorporation  of  the  free  amino  acid  and  amino  acid- 
charged  sRNA  into  polypeptide;  the  inhibitory  con- 
centration of  the  toxins  for  two  reactions  of  protein 
synthesis  were  nearly  the  same.  These  results  indicated 
that  the  toxins  inhibited  protein  synthesis  at  the 
ribosomal  level,  and  that  the  difference  in  the  inhibi- 
tory doses  between  two  toxins  observed  with  the 
whole  cell  was  presumably  caused  by  the  difference 
in  the  cellular  permeability  to  the  toxins. 

On  the  other  hand,  toxic  butcnolidc,  which  was 
isolated  as  a  causative  agent  of  necrotizing  reaction 
in  rabbit  skin,  proved  to  be  inactive  in  affecting  pro- 
tein synthesis.  In  this  respect,  the  mode  of  action  of 
toxic  butcnolidc  is  considered  to  be  different  from 
that  of  nivalenol  and  fusarenon. 


and  fusarenon  inhibited  the  incorporation  of  C14- 
phenylalanine  and  C14-phenylalanyl-sRNA  into  poly- 
peptide in  a  poly  U-charged  ribosomal  system.  The 
inhibitory  concentration  of  the  two  toxins,  for  these 
two  reactions,  was  nearly  the  same. 
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BIOASSAY  OF  TOXIC  PRINCIPLES  OF  RICE  INFESTED  WITH 
FUSARIUM  NIVALE  EMPLOYING  RABBIT  RETICULOCYTES 


by  Yoshio  Ueno  and  Masakatsu  Hosoya 
Microbial  Chemistry,  Faculty  of  Pharmaceutical  Sciences, 
Science  University  of  Tokyo,  hhigaya,  Tokyo 


Nivalcnol  and  fusarcnon,  toxic  principles  of  rice  in- 
fested with  Fusarium  nivale,  are  potent  inhibitors  of 
protein  synthesis  in  rabbit  reticulocytes  (3),  Ehrlich 
ascites  tumor  (4),  cultured  cells  (2)  and  Tetrahymena 

U). 

Based  on  this  biochemical  character  of  toxins,  the 
authors  examined  the  possibility  of  their  detection  by 
biochemical  mean.  The  results  indicated  that  with 
the  xise  of  rabbit  reticulocytes  the  toxic  principles 
could  be  determined  biochemically. 

Rabbits  were  injected  subcutaneously  with  5 
mg./kg-  of  1.2  percent  phenylhydrazine  on  days  1 
through  4,  and  on  day  7  they  were  bled  by  cardiac 
puncture.  The  blood  was  centrifuged  at  2,000  x  g.  for 
5  minutes,  and  the  pellet,  consisting  of  more  than  85 
percent  reticulocytes,  was  suspended  in  two  volumes 
of  ice-cold  Locke-Ringer's  solution.  The  suspension  of 
the  cells,  referred  as  "whole  cell,"  was  stored  in  an 
ice-cold  bath. 

For  the  assay  of  toxins,  0.1  ml.  whole  cell  suspen- 
sion, 0.3  ml.  Locke-Ringer's  solution,  0.05  ml.  of 
test  solution  were  preincubated  at  37°  C.  for  15  min- 
utes. After  the  preincubation,  0.05  ml.  (0.05  juC.) 
1-C.1 '•-leucine  was  added  to  the  reaction  mixture  and 
the  incubation  was  continued  for  40  minutes.  The  re- 
action was  stopped  by  the  addition  of  0.5  ml.  of  10 
percent  perchloric  acid  (PCA)  and  the  total  reaction 
mixture  was  filtered  through  filter  paper  which  was 
then  washed  with  5  percent  PCA  and  cthanol-cthcr 
(3:1,  v/  v).  The  radioactivity  of  carbon- 14  incorpo- 
rated was  counted  by  a  gas-flow  counter. 

Using  this  method,  0.5  Mg-  of  nivalenol  and  0.05  ng. 
of  fusarenon  could  be  detected,  and  the  time  required 
for  the  assay  was  about  two  hours.  The  procedure  is 
schematically  illustrated  in  figure  1 . 

An  example  of  this  test  method,  applied  to  the 
fractionation  of  toxic  principles  from  rice  infested 
with  F.  nivale  is  shown  in  table  I.  The  inhibitory 
effect  of  each  fraction  on  the  reticulocytes  was  paral- 


leled by  the  lethal  dose  for  mice.  This  investigation 
was  reported  in  a  previous  paper  (3). 


RABBIT 

rabbit  administered 

phenylhydrazine 
5  mg/Kg,  s.c. 
1-4  day* 


1 


ccntffluged 
2000  g  lor  5  min 


ASSAY 

1.  •'whole  call"  0.1  ml 
Locke-Ringer's  sol.    0.3  ml 
Test  sol.  0.05  ml 
prairie u bated  at  37*  C  for  15  min 

2.  Add.  0.06  ml  (0X16  «C)  l-C*-toi. 

3.  Incubatad  for  40  min 

4.  Add.  0.5  ml  10%  PCA 

5.  Filtered  on  disk  | 
and  counting 

Assay  limit 


reticulocytes 


I 


suspended  In 
2  vol.  of  Ringer's 
sol. 


Nivalenol  0.5  * 

i  0.05  jig 


2  hr 


1.— Method  of  biochemical  detection  of 
and  fusarenon  by  rabbit  reticulocytes. 


Table  l.-Toxicity  of  the  fractions  on  mice  and  reticulocytes 

Uptake  of  C'«- 
leucine  in 


Lethal 


dose  Concern - 
in  mice  tration 


Fractions 


(mg./  (jig./  Activity 
10  g.)      ml.)  (percent) 


Ethanol  extract  

A-I 

1-20 

A-U 

1 

5 

90.1 

50 

32.6 

100 

13.4 

Kiesclprel-fractions.. 

A-IV 

(L8) 

100 

76.7 

A-V 

.70 

100 

.5 

A-VI 

.30 

100 

.9 

A-VII 

.60 

100 

2.2 

A-VI  1 1 

(1.8) 

100 

58.3 

A-IX 

(2.7) 

100 

89.5 

Nivalenol  -.- 

A-X 

.10 

10 

12.0 
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Summary 

The  investigation  for  toxic  metabolites  of  Fusarium 
nivale  in  Japan  was  commenced  after  the  heavy-  dam- 
age of  wheat  with  Fusarium  in  1 963.  Marked  toxici- 
ties of  several  fungi  including  one  strain  of  F.  nivale 
and  two  strains  of  F.  graminearum  were  found  at  that 
time.  The  toxicity  of  moldy  rice  infested  artificially 
with  Fn-2  strain  was  most  prominent.  The  raw  sub- 
stance extracted  from  this  material  was  used  for  the 
study  of  chemical  isolation. 

Specific  findings  were  noticed  in  experimental  ani- 
mals and  also  in  cultured  cells  administered  with  the 
raw  material  and  the  isolated  chemical  substances, 
namely  nivalenol  (Tatsuno),  fusarcnon  (Morooka) 
and  also  recently  separated  fusarcnon-X  (Ucno). 
Characteristic  findings  obtained  in  the  experimental 
animals  consisted  of  marked  damage  of  the  prolifer- 
ating cells  of  the  hematopoietic  tissues  in  the  bone 
marrow,  spleen,  thymus  and  lymph  node,  and  also  of 
the  intestinal  epithelia  and  of  the  testis.  These  changes 
were  similar  to  those  caused  by  radiomimetic  effect, 
and  the  nature  of  the  injuries  may  reflect  the  disturb- 
ance in  DNA  and  protein  synthesis  of  the  cells.  Be- 
cause of  the  similarities  in  toxic  natures  of  nivalenol, 
fusarenon  and  also  fusarenon-X,  the  principal  chemi- 
cal structure  of  these  substances  might  closely  re- 
semble each  other. 

It  is  suggested  that  more  sensitive  screening  tests 
for  specific  toxic  properties  should  be  established  for 
the  investigation  of  mycotoxins  which  may  be  respon- 
sible for  various  target  effects. 

Introduction 

The  so-called  red  molds,  F.  graminearum  (Giberrella 
zeae),  Gibberetla  fujikuroi,  F.  nivale  and  F.  kuhnii  have 
been  hitherto  noted  in  the  stored  food  crops  in  Japan 
(40). 

After  an  accidental  toxicosis  of  30  human  cases 
(symptoms:  vomiting,  giddiness  and  chill)  without 
deaths,  occurring  in  farmers  after  intake  of  rice  con- 
taminated with  fusarium  species  in  Hoy  a,  a  rural 

82 


suburb  of  Tokyo  Metropolis  in  1955,  toxicological 
investigation  on  this  contaminated  fungus  was  carried 
out  (9).  So  far  only  a  few  organs  of  the  experimental 
animals  have  been  examined,  and  only  minute  in- 
juries have  been  noticed  pathologically. 

In  1958,  Nishikado  {21)  showed  the  distribution  of 
wheat,  damaged  with  Fusarium  graminearum,  in  Japan 
(fig.  1 ).  The  damage  was  more  marked  in  the  leeward 
districts  of  the  seasonal  winter  wind  than  in  other 
areas. 

Following  the  heavy  damage  to  wheat  in  the  west- 
ern district  of  Japan  in  1963,  the  Technical  Commit- 
tee of  Agriculture,  Forestry  and  Fishery  of  the 
Ministry'  of  Agriculture  and  Forestry  decided  to  start 
investigating  the  red  molds  of  wheat  in  several  re- 
search units  (22,  23).  F.  graminearum  was  separated 
in  100  percent  and  F.  nivale  was  separated  in  5  or  6 
percent  of  samples  from  the  infected  wheat  grains 
obtained  from  the  Agricultural  Experimental  Station 
in  Kumamoto  prefecture.  Toxicity  screening  tests  were 
performed  on  these  fungi  by  Tsunoda  (41)  of  the  Food 
Research  Institute,  Tokyo,  and  other  fusaria  were 
also  separated  and  tested  at  the  National  Agricultural 
Technical  Institute.  High  toxicities  were  shown  in  one 
strain  of  F.  nivale  (Fn-2  strain)  and  two  strains  of  F. 
graminearum  (Ishii-strain,  Ooita  2  strain)  (11).  Exten- 
sive research  on  the  chemical  identification  of  the 
toxins  and  the  examination  of  their  toxicity  have  been 
performed  under  the  close  cooperation  of  Tsunoda 
(mycologist),  Tatsuno,  Morooka,  and  Ueno  (chem- 
ists), Saito  and  Ohkubo  (pathologists)  and  other  co- 
workers, and  many  reports  from  this  project  have  been 
published  (14,  25,  26,  27,  32,  33,  35,  36,  37,  38,  39,  42, 
43,  45).  Hitherto,  there  have  been  many  reports  and 
surveys  on  the  toxicity  of  different  species  of  the  genus 
Fusarium  throughout  the  world  since  Woronins  orig- 
inal report  on  the  damage  of  wheat  in  Ussyy  district 
in  1891  (18,  15,  7,  I,  29,  18,  19,  20,  17,  31,  3,  34, 12,  4,  30, 
5,  6,  8,  13,  16,  46,  48,  2,  49,  10,  28). 

This  paper  describes  the  specific  injuries  to  the 
proliferating  cells  in  experimental  animals  and  also 
to  the  cultured  cells,  caused  by  the  mycotoxins  of  F. 
nivale.  These  specific  injuries  were  used  as  the  charac- 
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teristics  studied  to  pursue  die  chemical  fractions.  Sev- 
eral chemical  substances  have  been  isolated  to  date, 
and  the  comparative  findings  of  the  injuries  with 
these  substances  are  also  presented. 

Materials  and  Methods 

Nivalenol  (39),  fusarenon  (42),  fusarenon-X  (45), 
raw  material,  and  fractions  were  tested  in  this  experi- 
ment. 

The  outline  of  the  purification  procedure  of  fusare- 
non and  nivalenol  is  shown  in  figure  2,  and  the 
chemical  and  physical  properties  of  fusarenon  and 
nivalenol,  are  shown  in  table  1 .  Recently  a  new  toxic 
substance,  named  fusarenon-X,  has  been  isolated  from 
the  medium  of  the  stationary  culture  of  F.  nivale  by 


Dr.  Ueno.  The  chemical  characteristics  of  fusarenon- 
X,  obtained  from  the  same  fractions  arc  somewhat 
different  from  fusarenon.  For  example,  the  new  sub- 
stance is  water  soluble,  while  on  the  other  hand, 
fusarenon  is  water  insoluble.  Fusarenon-X  gave  nearly 
the  same  Rf  with  fusarenon  on  thin  layer  chromatog- 
raphy, but  differed  in  melting  point  and  infrared 
spectrum  (45). 

In  figure  3,  the  toxicity  of  the  fractions  isolated  in 
the  vicinity  of  fusarenon  from  Kiesel-gel  column 
chromatography  is  shown.  Among  them,  fraction 
G-131  and  fraction  C-301  were  also  tested  for  lethal 
toxicity  in  each  lethal  dosis  in  this  experiment  for  the 
purpose  of  comparing  the  toxic  properties  of  the  raw 
material  and  the  isolated  substances. 

The  DDD  strain  of  mouse,  age  approximately  6 
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PROCEEDINGS,  FIRST  U.S.-JAPAN  CONFERENCE  ON  TOXIC  MICRO— ORGANISMS 


Mold  riea  powder  (F.niwale)  3  kg 

extraction  with  Sdhlofs  apparatus  (Ihr) 

i  1  n 

fraction  Insoluble  fraction 

(rice  powdar) 

ethanol  (SOX)  extraction 


I 


I 

Evaporated 
in  vacuo  10-90'  C 
I 

Dry  mattar-- 

I  (IMg)  porlSg 
Addad  distil.  (ip.) 


n-Butanol  extraction 


1 


I 

Evaporated  • 

<30g)  MLDl.Sieg 

I  per  Ug««iee(i.p.) 


Column  chromatography) 


XScn.flow  rata  M  ml/hr. 

:  methanol  (17:3).  I  tuba 
I  (J:D 
Eluta 


months  and  weighing  from  20  to  28  g.,  was  used  in 
this  experiment.  One  and  a  half  times  the  LD50  values 
and  also  lethal  doses  as  determined  in  the  ddS  strain 
of  mouse  were  inoculated  intraperitoneally  in  mice  of 
DDD  strain.  The  animals  were  sacrificed  at  6,  12,  24, 
and  48  hours  after  inoculation. 

The  tissues  were  fixed  with  neutral  formol  solution. 
After  paraffin  and  freezing  scctionings,  they  were 
stained  with  HE,  Giemsa,  PAS,  Azan,  and  Sudan 
III.  Tissues  examined  in  this  experiment  were:  Brain 
(frontal  sections  of  cerebrum  and  cerebellum,  and 


horizontal  sections  of  the  cerebrum),  thyroid  and 
trachea,  thymus,  heart,  pulmonary  lobe,  liver,  spleen, 
pancreas,  stomach,  duodenum,  jejunum,  ileum, 
cecum,  colon,  lymph  nodes,  adrenal,  kidney,  testis, 
femur,  vertebra,  and  others. 

In  addition  to  the  animal  experimentation,  toxicity 
was  examined  in  cultured  cells.  HcLa  S3T  strain  was 
cultured  according  to  the  plate  panel  method  in  min- 
imum essential  medium  (Eagle)  with  10  percent  calf 
serum.  The  dilutions  of  the  tested  materials  is  given 
in  table  2. 
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Figure  3.— Toxic  substances  separated  by  Ktesel-gel  chro- 
matography. 


Results 

In  the  animal  experiment,  marked  toxic  injuries 
were  noticed  especially  in  the  proliferating  cells  of 
the  thymus,  spleen,  lymph  nodes,  bone  marrow,  ileum, 
jejunum,  colon,  stomach,  testis,  and  hair  follicles. 

In  the  thymus,  marked  karyorrhexis  was  observed 
in  the  cases  of  fusarcnon-X,  fusarenon  and  nivalenol, 
and  slight  karyorrhexis  in  the  cases  of  raw  material 
and  O30I.  As  for  the  histological  distribution  of 
injuries  in  the  thymus,  injury  was  rather  marked  in 
the  cortex  and  only  slight  in  the  medulla. 

Even  6  hours  after  application,  karyorrhexis  was 
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already  moderately  observed  in  cases  of  fusarenon-X, 
fusarenon  and  C-301,  and  slightly  in  the  case  of 
nivalenol.  These  injuries  became  more  conspicuous 
after  12  hours  with  the  tested  materials  except  for 
C-301  and  C-131,  in  which  their  injuries  became 
remarkable  after  24  hours.  Nivalenol  showed  the 
heaviest  injuries.  At  48  hours,  the  findings  of  all  cases 
improved  (fig.  4)  (pi.  I,  figs.  1  and  2). 

In  the  lymph  nodes,  the  main  injuries  consisted  of 

Table  1.— Properties  of  isolated  toxic  substances 
of  Fusarium  nivale 


Substances 

Test*  Fusarenon  Nivalenol 


Author  Morooka  ( 1 968)       Tatsuno  ( 1 968 ) 


Crystal  m.p. 

78-80*  C. 

222-223°  C. 

Rf  value 

Toluene-Et-Ac  ( 1 :3 

)  0.35 

0.06 

20%  H,S04 
Colour 

purple 

yellowish-green 

pink-violet 
brown 

G.C. 

Retention  time 

10.3  min. 

8.3  min. 

Anal. 
Found 

Calc 

C      H  O 
56.29  37.70 
6.01 

57.68  35.86 
6.46 

M.W. 
M.F. 

312 

U.V. 
Spectra. 

end  absorpt. 

X  max 

260  vom 

I.R. 

Spectra, 
(cm-l) 

3570(s)1250(s) 

2960(m)U67(m) 

1720(s)l080(s) 

1685<s)1040(s) 

1365(m) 

3400(s)2870(m) 
327CK»)2740(m) 
2980(w)l680(ro) 
(2900(w)1610(m) 

(a)t  (o),4  =  +29.6°    (a)  *4°  =  +21.5° 

D  D     (EtOH)        D  (EtOH) 


karyorrhexis  in  a  part  of  the  lymph  follicles  and  also 
slightly  in  the  pulps.  Marked  damage  was  noticed  in 
the  cases  of  fusarenon-X,  fusarenon,  nivalenol  and 
raw  material,  and  only  slight  in  the  cases  of  C— 301 
and  C-131.  The  greatest  injuries  in  the  case  of  fusare- 
non were  noted  at  6  hours,  in  fusarcnon-X  and  raw 
material  at  12  hours  and  in  nivalenol  at  24  hours  after 
inoculation.  These  findings  may  indicate  that  fusare- 
non acts  rather  promptly  and  nivalenol  acts  rather 
slowly  (fig.  5)  (pi.  I,  fig.  3). 


Table  2.— Concentrations  of  various  materials  tested 
for  toxicity  in  HeLa  cell  tissue  culture 


Material  tested  Microgram  per  milliliter 


THYMUS 


Figure  4.— Toxic  injuries  with  metabolites  of  Fusarium  ni- 
val* in  mouse. 


LYMPH  NOOE 

SEVERE 


6         12         24         48  hr* 

FUSARENON  X  X  X       RAW  MATERIAL  • 

FUSARENON      V  ▼  C-801   

NIVALENOL      O  O  C-131   

Figure  5.— Toxic  injuries  with  metabolites  of  Fusarium  ni- 
vale in  mouse. 

In  the  spleen,  the  main  injury  was  marked  karyor- 
rhexis in  the  lymph  follicles.  Conspicuous  damage 
was  noted  in  the  of  fusarenon-X  at  all  time 

periods  and  in  case  of  nivalenol  at  24  hours.  In  the 
spleen  also,  fusarenon  acted  promptly  and  nivalenol 
acted  rather  slowly.  Extramedullary  hematopoiesis  in 
the  spleen  was  noticed  in  the  later  periods  of  the 
experiment.  This  finding  may  be  seen  after  marked 
injury  of  the  bone  marrows  and  lymph  nodes  (fig.  6) 
(pi.  II,  fig.  4). 


Nivalenol    10,  3.2,  1.0,  0.32,  0.1, 

Fusarenon   10,  3.2,  1.0,  0.32,  0.1, 

Fusarenon-X   10,  3.2,  1.0,  0.32,  0.1, 

Fraction  C-131   100,  32,  10,  3.2,  1.0, 

Fraction  C-301  (dissolved 

methanol)    100,  32,  10,  3.2,  1.0, 

Fraction  C-301  (suspended 

in  water)   100,  32,  10,  3.2,  1.0, 

Raw  material  (suspended 

in  water)....   1000,  320,  100,  32,  10, 

Raw  material  ( millipore 

filtrate)    1000,  320,  100,  32,  10, 
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Figure  6.— Toxic  injuries  with  metabolites  of  Fusarium  ni- 

In 


In  the  bone  marrow,  the  most  prominent  feature 
was  atrophy  of  the  pulp  with  dilatation  of  the  sinuses. 
The  cellular  components  in  the  pulp  decreased  in 
number,  an  especially  marked  decrease  occurring  in 
the  immature  cells.  These  changes  became  marked  at 
the  later  times.  The  heaviest  injuries  were  noticed 
with  nivalenol,  followed  by  fusarenon-X.  The  most 
marked  changes  due  to  fusarenon  were  noticed  at  1 2 
hours,  while  at  48  hours,  a  regenerative  tendency  of 
the  immature  cells  of  the  hematopoietic  tissue  was 
already  noticeable  (fig.  7)  (pi.  II,  figs.  5  and  6). 


SEVERE 


MODERATE 
SLI6HT 


NO 


6  12          24  48 

FUSARENON  X   X               X  RAW  MATERIAL  •- 

FUSARENON      ▼  ▼  C-801              •  - 

NIVALENOL      O   O  C-191 


Figure  7.-Toxic  injuries  with 


of  Fusarium  ni- 


The  grades  of  sensitivity  of  several  parts  of  the 
gastrointestinal  tract  may  be  lined  up  as  follows:  the 
ileum  and  jejunum  were  the  highest  followed  by  the 
colon,  duodenum,  pyloric  gland,  and  corpus  gland. 
The  most  prominent  injuries  were  observed  in  the 
proliferating  foci  of  the  mucosal  epithelia.  Pathologic 
mitosis,  karyorrhexis,  and  collapsed  necrotic  cells  were 
seen.  At  48  hours  after  fusarenon-X  inoculation, 
slough-off  of  the  mucosal  epithelia  of  the  ileum  was 
noticed.  Besides  the  epithelial  damages,  edema  and 
cell  infiltration  with  debris  of  karyorrhexis  were  found 
in  the  stromal  spaces  of  the  mucosa.  These  stromal 
findings  might  be  considered  as  part  of  the  patho- 
genesis of  the  so-called  catarrhalic  change  of  the 


gastrointestinal  tract.  The  heaviest  damage  with  fu- 
sarenon-X was  seen  in  the  intestinal  mucosa.  In  this 
area  fusarenon  acted  rather  promptly  and  nivalenol 
acted  rather  slowly  (fig.  8)  (pi.  Ill,  figs.  7,  7',  8,  9, 
and  pi.  IV,  fig.  10). 
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8.— Toxic  injuries  with  metabolites  of  Fusarium  ni- 
val* in  mouse. 


Injuries  of  the  mucosal  epithelia  were  not  prom- 
inent in  the  large  intestine.  In  this  organ,  fusarenon-X 
showed  the  peak  of  the  damage  1 2  hours  after  inocu- 
lation (fig.  9)  (pi.  IV,  fig.  11). 
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Figure  9.— Toxic  injuries  with  metabolites  of  Fusarium  ni- 
vale  in  mouse. 


In  the  testis,  cellular  injury  was  also  noticed  in 
spermatogenesis.  The  cellular  components  were  re- 
duced in  number,  cellular  arrangement  was  irregular, 
and  pyenosis  and  karyolysis  of  the  blastic  cells  were 
also  seen  (pi.  IV,  fig.  12). 

In  the  skin,  atrophy  of  the  hair  follicles  and  seba- 
ceous glands  were  noticed. 

As  for  the  findings  in  the  other  organs,  the  brain 
tissue,  especially  the  putamen  and  cortex  of  the  cere- 
brum, showed  marked  perivascular  and  pericellular 
edema  in  the  heavily  intoxicated  cases.  Flecky  haem- 
orrhages were  noticed  in  the  lung,  and  sometimes  the 
bronchial  epithelium  does  not  reach  the  terminal 
parts  of  the  bronchiolus  with  or  without  bronchitis  in 
the  severely  intoxicated  cases.  The  liver  showed  slight 
damage  of  Kupffer  cells  at  the  periportal  regions 
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with  slight  vacuolar  change  of  the  neighbouring  liver 
cells,  and  loss  of  glycogen  in  the  liver  cells  were 
generally  observed.  Hematopoietic  cells  and/or  other 
damaged  cell  debri  were  infiltrated  into  both  sinusoi- 
dal spaces  and  portal  tracts.  The  findings  of  other 
organs  were  not  so  prominent  as  those  described 
above. 

The  results  of  the  toxicity  test  of  the  various  metab- 
olites from  F.  nivale  on  HeLa  S3T  strain  is  illustrated 
in  figure  10. 

(HeLa  cell) 


eont.       0.3*       3«*         32  320 


Concentration 

Figure  10.— Comparison  of  toxicities  of  metabolites  from 
Fusariutn  nivale. 

As  for  the  fractions,  C-301  and  C— 131,  collected 
from  the  column  adjacent  to  fusarenon,  the  charac- 
teristic injuries  in  the  proliferating  cells  were  lower  in 
grade,  especially  in  the  cases  of  C-301,  and  almost 
no  injuries  in  the  cases  of  C-131.  Specificities  of  the 
lethal  injuries  caused  with  C-131  and  C-301  were 
not  clear. 

Discussion 

The  primary  injuries  in  the  mice  inoculated  with 
nivalenol,  fusarenon,  and  fusarenon-X  and  also  raw 
material  were  found  in  the  proliferating  cells  of  vari- 
ous organs.  Fusarenon-X  was  the  most  injurious  fol- 
lowed by  nivalenol  and  fusarenon.  In  this  experiment, 
the  doses  of  each  metabolite  administered  to  the  DDD 
strain  of  mouse  were  close  to  the  LD50  values  of  ni- 
valenol and  fusarenon-X,  and  to  the  lethal  doses  of 
raw  material,  column-301  and  column-131  found  in 
the  ddS  strain.  Fusarenon  was  administered  with  the 
same  dose  as  nivalenol.  Grades  of  toxicities  caused 
by  these  applied  materials  may  be  ordered  as  follows: 
fusarenon-X,  nivalenol,  fusarenon,  raw  material,  C- 
301  and  C-131. 


On  the  other  hand,  the  cultured  cells  (HeLa  S3T) 
were  exposed  to  the  same  test  materials  in  half  log 
dilutions  yielding  the  following  order  of  toxicity:  Fu- 
sarcnon-X,  nivalenol,  fusarenon,  fraction  301,  fraction 
131  and  raw  material. 

Comparing  toxicities  found  in  the  animal  experi- 
ment widi  those  found  in  the  cultured  cells  shows 
that  there  is  a  good  correlation  between  them,  with 
the  exception  of  the  raw  material  (table  3). 

Table  3.— Comparison  of  lethal  doses  in 
HeLa  cells  and  in  mice 


HeLa  (a)        Mouse  (b) 
Mg./ml.  *<g./10g.  (a):(b) 


ca.  0.32 

'42 

1:130 

0.56 

242 

1:75 

Fusarcnon-X  

0.32 

»36 

1:110 

C-131  

56 

n,660 
*822 

1:30 

C-301  

10 

1:82 

Raw  material  

100 

•7,000 

1:70 

>LD». 


As  stated  in  the  introduction,  die  toxicity  test  em- 
ploying the  cultured  cells  had  already  been  used  in 
pursuing  the  toxic  metabolites  in  the  chemical  frac- 
tionations (38).  In  that  study,  the  raw  material  of 
Fusarium  nivale  caused  marked  lysis  of  Chang's  liver 
cells  and  HeLa  cells  at  the  concentration  of  10"4; 
and  at  that  more  dilute  dose,  atrophy  of  nuclei  and 
multinucleate  giant  cell  formation  were  observed.  In 
the  chemical  fractionation,  among  column  filtrates 
from  G-25  sephadex,  a  cytolytic  effect  was  observed 
at  a  concentration  of  10"5  with  column  fraction 
numbers  20  and  21,  and  the  toxicity  test  with  fractions 
of  column  fraction  numbers  16  to  22  (0.02  ml./lOg.) 
on  the  mouse  lethal  effect  was  shown.  The  toxicity 
test  with  culture  cell  may  be  of  value  in  the  detection 
of  mycotoxins,  especially  of  the  radiomimetic  sub- 
stances. In  the  animal  experiments,  thymus,  ileum, 
and  spleen  are  adequate  organs  for  evaluating  the 
radiomimetic  activities. 

In  the  gastrointestinal  tract,  the  grades  of  sensitivi- 
ties may  be  considered  as  follows:  Ileum  —  jejunum  > 
colon3>duodenum> pyloric  gland>corpus  gland. 
Toxic  injuries  of  the  gastrointestinal  tract  were  prom- 
inent in  the  proliferating  cells.  Karyorrhexis  and  col- 
lapsed necrotic  cells  accumulated  in  the  glandular 
spaces.  The  number  of  injured  cells  might  be  related 
to  the  time  lag  of  the  effective  concentration  of  the 
toxins  acting  in  the  spaces  or  in  the  circulating  blood. 
Probably,  when  the  period  of  effective  concentration 
of  the  toxin  exceeds  the  generation  time  of  the  blastic 
cells  and/or  the  lifespan  of  the  glandular  epithelia, 
erosive  changes  may  occur.  Sometimes,  mitotic  cells 
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Plate  I 


Figure  1.— Thymus  of  mouse,  sacrificed  6  hours 
after  intraperitoneal  injection  of  fusarenon-X 
(63;J.g./10g.).  Sporadic  karyorrhexis  in  the  cor- 
tex. X95 


Figure  2.— Thymus  of  mouse,  administered  with 
intermediate  fraction  nivalenol  isolation.  Mar- 
kedly reduced  lymphocytes  with  remnant  of  kary- 
orrhexis in  the  cortex  of  the  thymus.  X  115 

Figure  3.— Lymph  node  of  mouse,  sacrificed  24 
hours  after  intraperitoneal  injection  of  nivalenol 
(63u.g./10g.).  Karyorrhexis  is  marked  in  the 
lymph  follicle  and  slight  in  the  pulp  of  the  lymph 
node.  X225 
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Plata  II 

Figure  4.— Spleen  of  mouse,  sacrificed  24  hours 
after  Injection  of  f  usarenon-X  (54„g.  ,'lOg  ).  Kary- 
orrhexis  in  the  lymph  follicle  of  the  spleen.   X  95 

Figure  5.— Vertebra  of  mouse,  sacrificed  48 
hours  after  injection  of  fusarenon-X  (54/ug./ 
10g.).  In  the  bone  marrow,  both  atrophy  of  the 
pulp  and  dilation  of  sinuses  are  observed.  The 
cellular  components  are  markedly  decreased 
in  the  pulp.  X  195 

Figure  6.— Femur  of  mouse,  sacrificed  24  hours 
after  injection  of  nivalenol  (63Mg./10g.).  Diminu- 
tion of  the  cellular  components  in  the  bone 
marrow.   X  475 
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Plate  III 

Figure  7.— Ileum  of  mouse,  sacrificed  12  hours 
after  injection  of  nivalenol  (63f.g./10g.).  Patho- 
logic mitoses  and  karyorrhexis  In  the  prolifer- 
ating region  of  intestinal  glands  of  illeum.  X  460 

Figure  7  (insert).— Ileum  of  mouse,  sacrificed  6 
hours  after  injection  of  fusarenon-X  (6  3  q  lOq  ) 
Accumulation  of  necrotic  cells  in  grandular 
spaces  with  scarcely  any  damage  of  the  upper 
part  of  grandular  epithelium.  X  230 

Figure  8.— Ileum  of  mouse,  sacrificed  90  hours 
after  injection  of  intermediate  substance  of  ni- 
valenol isolation.  Generalized  erosive  changes 
with  remnant  of  grandular  epithelium.  X  65 

Figure  9.— Ileum  of  mouse,  sacrificed  48  hours 
after  injection  of  fusarenon-X  (54Mg./10g.)-  Gen- 
eralized erosive  changes.   X  230 
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Plate  IV 

Figure  10.— Ileum  of  mouse,  sacrificed  12  hours  after  injection  of  fusarenon-X  (54ug.  ,'10g.)  Cell  infiltration  found  in  stromal 

spaces.  X  80 

Figure  11.— Colon  of  mouse,  sacrificed  6  hours  after  injection  of  fusarenon-X  (54^g./10g.).  Mitotic  injuries  observed  at  the 

proliferating  foci  of  glandular  epithelia  of  the  colon.   X  525 

Figure  12.— Testis  of  mouse,  sacrificed  48  hours  after  injection  of  fusarenon-X  ( 54 i.g.  ,'lOg .).  Decreased  spermatogensis 

with  a  typical  giant  cell  formation.  X  390 


were  observed  at  the  upper  regions  of  the  glandular 
epithelium  and  increased  in  number.  These  findings 
may  suggest  the  existence  of  mitotic  injuries. 

According  to  an  experiment  of  autoradiographicaJ 
analysis  with  SI  I-thymidinc  administered  to  mice 
along  with  a  small  dosage  of  the  toxic  metabolite 
(crude  nivalenol)  elongation  of  G-2  phase  of  the  cells 
of  the  glandular  epithelium  of  the  ileum  was  observed 
(33). 

Rccendy  work  on  the  toxicities  of  nivalenol  for 
HeLa  cells  indicates  that  both  DNA  and  protein  syn- 
thesis are  inhibited  with  nivalenol.  These  findings 


also  suggest  the  similarity  of  the  damage  with  the 
toxin  to  those  of  radiomimetic  substances  (24,  44).  It 
is  quite  interesting  that  the  morphological  findings  of 
injuries  arc  correlated  with  evidence  found  at  a  molec- 
ular level. 

In  order  to  detect  the  toxic  metabolites  among  the 
numerous  products  of  fungi,  especially  those  found  in 
contaminated  food  stuffs,  more  effective  screening 
tests  for  various  toxic  effects  should  be  developed.  It 
is  needless  to  emphasize  the  importance  of  detection 
of  new  fungi  especially  those  growing  in  the  epidemi- 
ological circumstances  of  geographical  pathology'. 
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Summary 

Two  isolates  of  Penicillium  viridicatum  were  grown 
on  autoclaved  corn  at  24°  C.  for  2  weeks.  The  cultures 
after  treatment  with  chloroform  were  dried,  ground 
and  incorporated  into  a  purified  diet  at  levels  of  50,  33, 
and  25  percent  of  the  diet.  Weanling  male  albino 
mice  were  fed  the  various  diets  ad  libitum.  In  trial  1, 
isolate  5  x  3  #3  was  fed  and  the  mice  killed  at  weekly 
intervals  for  study.  Isolate  2HA-2  was  fed  in  trial  2 
and  mice  were  killed  in  certain  dietary  groups  after 
3,  5,  7,  10,  and  14  days  of  feeding.  Body  weights  were 
taken  at  necropsy  and  at  weekly  intervals.  Liver,  heart, 
spleen,  and  kidneys  were  examined  microscopically. 
Both  isolates  were  toxic  to  mice  at  the  three  concen- 
trations, reducing  weight  gains  and  causing  a  high 
death  loss.  Gross  lesions  with  both  isolates  included 
jaundice,  greenish  discoloration  of  the  kidneys,  and 
foci  of  necrosis  in  the  liver.  Microscopically,  the  ear- 
liest changes  occurred  in  the  bile  ducts  and  included 
necrosis  of  epithelium,  periductal  edema  and  infiltra- 
tion with  inflammatory  cells  and  later  periductal 
fibrosis.  The  necrotizing  cholangitis  affected  extra- 
hepatic  ducts  as  well  with  similar  changes.  An  ob- 
literative  cholangitis  developed  in  some  bile  ducts 
whereas  others  showed  hypertrophy  and  hyperplasia 
of  epithelium.  After  some  time  of  feeding  which  varied 
with  the  various  diets,  disseminated  focal  cascative 
necrosis  of  liver  cells  was  the  dominant  pathologic 
change,  always  preceded  by  lesions  in  the  biliary 
system.  Renal  lesions  consisted  of  coagulativc  necrosis 
of  the  epithelium  of  convoluted  tubules  followed  by 
calcification  in  some  kidneys  and  in  others  by  reactive 
changes  in  tubular  epithelium  consisting  of  cellular 
and  nuclear  hypertrophy  and  increased  cytoplasmic 
basophilia.  A  variable  incidence  was  noted  in  the 
number  of  mice  with  lesions.  In  each  group  some  mice 
had  normal  appearing  liver  and  kidneys.  The  spleen 
and  heart  were  without  lesions. 

Introduction 

The  literature  on  mycotoxins  and  the  induced 
mycotoxicoses  has  reached  voluminous  proportions 
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and  much  of  the  recent  literature  has  appeared  since 
1960,  when  the  first  reports  of  Turkey  "X"  disease 
were  published.  Studies  in  Great  Britain,  Belgium, 
and  United  States  of  America  established  the  toxic 
origin  of  the  disease,  its  association  with  Brazilian 
peanut  meal  and  certain  strains  of  Aspergillus  flatus. 
Aflatoxins  elaborated  by  the  fungus  were  isolated  and 
identified  as  the  toxic  metabolites  and  later  were  es- 
tablished as  potent  hepato-carcinogens.  Prior  to  this 
outburst  of  research  activity,  diseases  of  man  and 
animals  of  mycotoxin  origin  were  recognized.  These 
diseases  included  stachybotryotoxicosis  (13,  14),  moldy 
corn  toxicosis  of  swine  (27)  and  horses,  facial  eczema 
of  ruminants,  and  alimentary  toxic  aleukia  in  man. 
The  latter  disease  and  stachybotryotoxicosis  were  stud- 
ied intensively  in  Russia  and  no  such  volume  of  my- 
cotoxin literature  existed  in  the  Western  world  prior  to 
the  studies  on  afiatoxicosis.  The  older  literature  and 
some  of  the  more  recent  studies  have  been  reviewed  in 
detail  by  Forgacs  and  Carll  (12)  and  in  the  book 
edited  by  Wogan  (33).  Other  recent  reviews  include 
the  papers  by  Abrams  (7),  Brook  (3),  Wogan  (34,  35), 
and  Schoental  (25),  as  well  as  chapters  by  Miller  (79) 
and  Wilson  (31). 

Natural  outbreaks  of  disease  and  experimental  pro- 
duction of  toxicosis  by  certain  of  the  Penicillia  have 
been  reported  (4,  12),  but  the  number  of  published 
reports  is  not  great.  Species  incriminated  as  agents  of 
disease  or  as  toxic  to  animals  include  P.  rubrum  (4,  32), 
P.  purpurogenum  (15),  P.  islandicum  (20,  26),  P.  oxalicum 
(26),  and  P.  urticae  (36).  In  contrast  to  the  report  of 
Scott  (25),  recent  studies  in  our  laboratories  have 
established  that  isolates  of  P.  viridicatum  were  toxic  to 
mice  and  corn  cultures  consistently  produced  gross 
and  microscopic  lesions  in  the  liver  (8).  The  present 
studies  were  concerned  with  the  development  of 
the  pathologic  changes  in  mice  fed  corn  cultures  of 
P.  viridicatum. 

Materials  and  Methods 

Preparation  of  fungal  cultures.— Flasks  con- 
taining 560  g.  of  popcorn  and  225  ml.  of  water  were 
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autoclaved  for  75  minutes.  The  flasks  were  inoculated 
with  spores  of  P.  vindication  from  6-day-old  cultures 
grown  on  Czapek's  medium.  Two  isolates,  5x3-#3 
and  2HA-2,  were  studied.  The  inoculated  flasks  were 
incubated  at  24°  C.  for  2  weeks,  then  were  covered 
with  chloroform  and  stored  in  a  hood  overnight.  The 
cultures  were  transferred  to  a  drying  oven  at  100°  F. 
for  1  week.  After  drying,  the  cultures  were  ground. 

Preparation  of  experimental  diets. — The  dried 
fungal  cultures  were  combined  with  a  purified  diet  of 
casein  and  sucrose  supplemented  with  vitamins  and 
minerals  according  to  the  report  of  Mills  and  Murry 
{18),  with  the  addition  of  10  p.p.m.  copper  supplied 
in  the  form  of  cupric  sulfate.  Three  dilutions  of  the 
fungal  cultures  were  fed  with  the  cultures  representing 
50,  33,  and  25  percent  of  the  diet  and  are  presented 
in  the  Tables  as  ratios  of  1: I,  2:1,  and  3:1.  Control 
groups  received  the  purified  diet  only. 

Experimental  animals. — Male  Swiss  albino  mice 
were  started  on  the  experimental  diets  at  wean- 
ing and  fed  feed  and  water  ad  libitum.  Housing  was  in 
an  air-conditioned  animal  room  in  plastic  cages  with 
sanitized  Ab-Sorb-Dri  as  bedding.  Mice  were  weighed 
at  weekly  intervals  or  at  the  time  of  necropsy.  Mice 
were  killed  by  decapitation  and  the  livers  dissected 
free  and  weighed  prior  to  fixation.  Tissues  collected 
for  histopathologic  examination  included  the  liver, 
kidney,  heart,  and  spleen,  and  were  fixed  in  10  per- 
cent buffered  formalin.  Portions  of  fixed  tissues,  includ- 
ing samples  from  each  lobe  of  the  liver,  were  prepared 
for  paraffin  sections  and  stained  with  hematoxylin 
and  cosin. 

Trial  1. — Corn  culture  of  P.  viridicalum,  isolate 
5x3  #3,  was  fed  in  the  three  dilutions.  Five  control 
mice  and  10  mice  from  each  of  the  test  groups  were 
killed  at  weekly  intervals.  Tissues  available  for  exam- 
ination for  the  various  groups  included  7  and  1 4  days 
from  the  1:1  group;  7,  14,  and  21  days  from  the  2:1 
group;  and  for  5  weekly  intervals  from  the  3:1  group. 

Trial  2.— Isolate  2HA-2  was  fed  in  the  three  dilu- 
tions as  in  trial  1 .  The  killing  schedule  was  as  follows: 
Control  group,  3,  5,  7,  10,  14,  and  21  days;  1:1  diet 
group,  3,  5,  and  7  days;  2:1  diet  group,  5,  7,  10,  and 
14  days;  and  3: 1  diet  group,  7,  10,  14,  and  21  days. 

Results 

Weight  gains  and  mortality  (trial  I— isolate 
5x3^3). — The  fungal  culture  was  toxic  at  all  dilutions 
studied  and  the  severity  of  the  toxic  effects  followed 
roughly  the  concentration  fed.  Thus,  the  dilution  of 
1 : 1  was  extremely  toxic  and  average  body  weights 
were  reduced  by  2  g.  after  1  week  of  feeding  with  a 
death  loss  of  40  percent  (table  1).  None  of  the  mice 
of  this  group  surv  ived  to  the  end  of  the  3rd  week.  A 
reduction  in  weight  gains  of  the  2:1  diet  group  was 


evident  after  a  week  and  the  differences  were  greater 
after  2  and  3  weeks.  Only  eight  animals  were  availa- 
ble for  necropsy  at  the  end  of  3  weeks  feeding.  Mortal- 
ity incidence  was  48  percent  after  1  week  atvd  death 
loss  amounted  to  65  percent  of  the  mice  after  3  weeks 
on  the  diet. 

The  3:1  diet  was  less  toxic  but  average  weight 
gains  were  reduced  after  2  weeks,  a  difference  of  10 
g.  from  average  weight  of  controls.  Death  losses  varied 
from  about  20  percent  after  2  weeks  to  50  percent  at 
the  fifth  week. 

Necropsy  findings. — Gross  lesions  were  generally 
restricted  to  the  triad  of  generalized  jaundice,  liver 
necrosis,  and  greenish  discoloration  of  the  kidneys. 
The  number  of  jaundiced  mice  was  greatest  in  the 
groups  fed  the  highest  concentration  of  fungal  culture 
and  during  the  first  week  of  the  experimental  period. 
Thereafter,  the  incidence  of  jaundiced  carcasses  de- 
creased (table  2).  Obvious  lesions  in  the  livers  of  test 
mice  were  observed  at  the  end  of  2  weeks  of  feeding 
and  the  incidence  was  similar  among  the  various 
groups.  Great  variation  existed  in  the  extent  of  in- 
volvement of  the  livers;  some  appeared  normal  where- 
as others  had  numerous  pinpoint  yellowish  to  greenish 
foci  on  the  capsular  surface.  These  foci  of  necrosis 
were  green  after  fixation.  In  none  of  the  groups  was 
the  incidence  of  gross  liver  lesions  greater  than  50 
percent  and  the  incidence  did  not  increase  greatly 
with  length  of  feeding.  As  many  as  half  of  the  mice 
had  green  kidneys  at  necropsy.  The  incidence  of  pig- 
mented kidneys  was  greatest  in  the  1:1  diet  group 
and  the  number  appeared  to  decrease  with  length  of 
feeding  in  the  3M  diet  group,  as  none  of  the  10  mice 
killed  after  5  weeks  of  feeding  had  green  kidneys, 
although  four  had  gross  lesions  in  the  liver  (table  2). 
Other  gross  changes  were  not  observed  in  the  kidneys. 
The  spleen,  heart,  lungs,  and  intestines  appeared  nor- 
mal at  necropsy. 

Liver  weights,  as  a  percent  of  the  body  weight, 
were  not  greatly  different  among  the  various  groups 
at  the  different  weeks  with  the  possible  exception  of 
the  second-  and  third-week  weights  of  31  diet  group 
(table  3).  At  these  times  the  percentages  were  7.5 
and  7.8,  the  largest  observed,  indicating  slight  enlarge- 
ment of  the  livers. 

Histopathology. — After  1  week,  seven  livers  from 
the  3:1  diet  mice  were  without  lesions  with  the 
possible  exception  of  vacuolization  of  cytoplasm  of 
hepatocytes.  This  latter  change  may  not  represent  a 
specific  toxic  manifestation  of  the  fungal  culture  as 
similar  changes,  although  often  not  so  severe,  were 
observed  in  livers  from  control  mice.  The  earliest 
change  noted  representing  a  reaction  to  the  fungal 
toxin(s)  was  hypertrophy  of  the  epithelium  of  intra- 
hepatic bile  ducts.  Some  of  these  ducts  were  sur- 
rounded by  a  few  inflammatory  cells.  In  another 
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Table  1.— Growth  and  mortality  data  of  mice  fed  P.  viridicatum  culture  (Isolate,  5x3-3) 


Average  weight  (g.),  week  Mortality,  week 


Experimental  group  01234512345 


Control   11  20  26  31 

P.  viridicatum,  I :  I   12  10  11   

P.  viridicatum,  21   11  14  15  19 

P.  viridicatum,  3-1   12  17  16  19 


35         36  0/25  0/20  0/15      0/10  0/5 

  20/50  7/20   

  1/50  19/39  19/29    

22         23  1/80  14/69  19/59      7/30  10/20 


Table  2  -Gross  lesions  in  mice  fed  P.  viridicatum  culture  (Isolate,  5  x  3#3) 


Gross  lesions 

Experimental  group 

Jaundice,  week 

Liver  necrosis,  week 

Pigmented  kidneys,  week 

1 

2        3  4 

5 

1        2        3        4  5 

1        2        3        4  5 

Control   0/5  0/5     0/5     0/5     0/5  0/5  0/5     0/5     0/5     0/5  0/5  0/5     0/5     0/5  0/5 

P.  viridicatum,  V\   10/10  5/9    0/10  4/9    4/10  5/9   

P.  viridicatum,  2-\   8/10  4/10    1/8    0/10  5/10    4/8    2/10  2/10  2/8   

P.  viridicatum,  3:1   6/10  4/10    4/10    2/10    0/10  0/10  4/10    5/10    4/10    4/10  0/10  3/10    5/10    2/10  0/10 


Table  3  -Body  and  liver  weights  of  mice  fed  P.  viridicatum  culture  (Isolate,  5  x  3#3) 

Liver  weight,  percent 

Average  body  weight  (g.),  week      Average  liver  weight  (g.),  week  body  weight,  week 

Experimental  group        I  23451234512345 

Control   20.2  25.2  29.8    34.7    36.1     1.22  1.76     1.95     1.93     1.93  6.0  7.0  6.5      5.6  5.3 

P.  viridicatum,  1 : 1   10.6  11.4   64  .77    6.1  6.8  

P.  viridicatum,  2-\   14.4  14.8     20.6    90  .94     1.50    6.3  6.8  7.3   

P.  viridicatum,  3=1   18.0  16.2  18.8    22.3    23.1     1.06  1.23     1.47     1.53     1.37  5.9  7.5  7.8      6.8  5.9 


liver  the  reactive  changes  in  the  ductal  epithelium 
had  advanced  slighdy,  as  hypertrophied  cells  had 
hyperchromatic  nuclei  along  with  increased  amounts 
of  basophilic  cytoplasm.  In  this  same  liver  a  few  bile 
ducts  snowed  loss  of  epithelium  accompanied  by  sepa- 
ration of  pcriductular  tissue  by  edema  with  infiltration 
of  inflammatory  cells,  both  mononuclear  and  neutro- 
philic leukocytes.  In  the  third  affected  liver,  the  lesions 
described  above  were  found  along  with  two  areas  of 
necrosis  of  hepatocytes. 

All  but  one  of  the  livers  from  2-1  diet  mice  had 
lesions,  although  the  severity  varied  from  lobe  to  lobe 
of  the  same  liver  as  well  as  among  the  livers.  Half  of 
the  livers  had  a  few  foci  of  necrosis  and  in  some  of 
the  necrotic  areas,  "ghosts"  of  portal  structures  re- 
mained (fig.  1).  Hemorrhage  was  noted  in  a  few  of 
the  necrotic  foci.  Predominant  pathologic  changes  in 
the  livers  from  the  mice  of  this  group  were  associated 
with  the  bile  ducts  and  the  surrounding  periductal 
tissues.  Alterations  varied  in  severity  from  reactive 
changes  in  epithelium  to  necrosis.  Hypertrophy  of 


ductal  epithelial  cells  was  evidenced  by  increased 
nuclear  size  along  with  increased  amounts  of  baso- 
philic cytoplasm  so  the  cells  were  elongated  and  pro- 
truded into  the  lumen  (fig.  2).  Hyperplasia  of  the 
epithelium  resulted  in  piling  up  of  nuclei  (fig.  3). 
More  advanced  changes  consisted  of  the  formation  of 
fibrous  connective  tissue  consisting  mainly  of  widely 
separated  fibroblasts  and  little  collagen  deposition 
was  observed  (fig.  4).  In  some  of  the  collars  of  connec- 
tive tissue,  inflammatory  cells  accumulated  in  variable 
degrees.  In  more  severely  affected  bile  ducts  the 
epithelium  was  incomplete  due  to  necrosis  and  the 
lumens  reduced  in  size,  constricted  by  proliferated 
fibroblasts  (fig.  5).  In  a  few  of  the  livers  some  of  the 
intrahepatic  ducts  contained  a  protein  precipitate 
which  stained  eosinophilic  but  appeared  structureless. 

Some  of  the  extrahepatic  ducts  were  also  affected; 
they  were  surrounded  by  increased  amounts  of  fibrous 
connective  tissue  infiltrated  with  inflammatory  cells, 
mainly  neutrophils.  The  epithelium  was  either  hyper- 
plastic or  necrotic  and  the  lumens  sometimes  con- 
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All  photographs  of  formalin-fixed  material  stained  with  hematoxylin  and  eosin.  Figures  1  to  25  of  mice  fed  5  x  3  #3  culture, 

remaining  figures  of  mice  fed  2HA-2  isolate. 
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Figure  1.-1:1  diet  for  1  week.  Focal  necrotic  area  in  liver 
between  two  veins  contain  "ghosts"  of  bile  duct  and  hepa- 
tic artery.    X  120 

Figure  2.-2:1  diet  for  1  week.  Hypertrophy  of  bile  duct 
epithelium  with  apical  cytoplasm  protruding  Into  duct  lu- 
men. X  375 

Figure  3.-2:1  diet  for  1  week.  Hyperplasia  and  hypertrophy 
of  bile  duct  epithelium  is  illustrated.  X  150 


Figure  4.-2:1  diet  for  1  week.  Cellular  and  nuclear  hyper- 
trophy is  present  In  the  bile  duct  epithelium  accompanied 
by  periductular  fibroplasia  and  inflammatory  cell  infiltra- 
tion. X  235 

Figure  5.-2:1  diet  for  1  week.  Necrotizing  cholangitis  af- 
fects a  portal  bile  duct  with  periductular  fibroplasia  and 
cellular  accumulations  within  the  lumen.   X  300 

Figure  6.-1:1  diet  for  1  week.  Focal  necrosis  of  hepato- 
cytes  and  portal  structures  includes  portions  of  a  radical 
of  the  hepatic  artery.  X  235 
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tained  eosinophilic  debris.  Similar  protein  coagula 
occurred  in  the  dilated  lymphatics  which  accompa- 
nied the  cxtrahepatic  bile  ducts. 

Lesions  were  more  severe  and  extensive  in  the  livers 
of  the  1:1  diet  mice  and  nine  of  10  animals  were 
affected.  Disseminated  focal  caseation  necrosis  was  a 
feature  of  the  reaction  in  these  livers  and  the  foci 
generally  adjoined  the  portal  region  with  inclusion  of 
the  hepatic  artery  (fig.  6).  There  was  hemorrhage 
within  some  of  the  necrotic  areas  and  many  contained 
"ghosts"  of  portal  structures  (fig.  7). 

Pathoanatomic  alterations  in  the  intrahepatic  bile 
ducts  were  as  described  above  and  included  epithelial 
cell  hypertrophy  and  hyperplasia,  periductular  fibro- 
plasia with  inflammatory  cell  infiltration,  and  necrosis 
of  ductal  epithelium  accompanied  by  deposition  of 
eosinophilic  protein  material  (fig.  8).  Often  the  de- 
posited material  was  structureless  but  occasionally 
numerous  fine  fibrils  (suggestive  of  fibrin)  could  be 
discerned.  In  some  livers  the  periductular  fibrosis  and 
infiltration  with  inflammatory  cells  were  the  most 
remarkable  features  of  the  liver  pathology.  Cholangitis 
involving  the  extrahepatic  ducts  was  evident  by  necro- 
sis of  epithelium,  periductular  fibrous,  and  edema, 
and  filling  of  dilated  lymphatics  with  protein  coagula 
(fig.  9).  These  alterations  were  also  accompanied  by 
accumulations  of  neutrophils  beneath  the  destroyed 
epithelium  (fig.  10).  In  a  few  livers,  the  gall  bladder 
wall  was  thickened,  there  was  loss  of  epithelium  and 
the  lumens  contained  protein  debris  with  inflamma- 
tory cells.  In  one  liver,  the  gall  bladder  wall  was 
thickened,  the  epithelium  was  hyperplastic  and  lamina 
propria  of  the  mucosa  infiltrated  with  neutrophilic 
leukocytes  (fig.  11). 

After  2  weeks,  lesions  in  the  livers  of  mice  fed  the 
3:1  diet  had  advanced  and  resembled  the  lesions  in 
mice  fed  1:1  diet  for  1  week.  Necrotic  foci  were  ob- 
served in  seven  and  in  three  of  these  the  disseminated 
focal  necrosis  was  the  dominant  pathologic  feature. 
Alterations  in  the  biliary  system,  both  intra-  and  extra- 
hepatic  ducts,  were  the  most  prominent  findings  in 
six  mice.  Severe  vacuolization  of  liver  cell  cytoplasm 
(fig.  12)  was  observed  in  only  one  liver,  but  milder 
changes  were  present  in  other  livers.  Pathoanatomic 
changes  of  the  biliary  passages  were  as  described  above 
and  included  hypertrophy  and  hyperplasia  of  epithe- 
lium, periductal  fibrosis  with  inflammatory  cell  infil- 
tration of  the  connective  tissue  and  portal  spaces,  and 
necrosis  of  epithelium  followed  in  some  ducts  by  ob- 
literation of  lumen  by  encircling  connective  tissue.  In 
a  few  livers,  the  focal  necrotic  areas  had  a  core  of 
cellular  debris,  composed  mainly  of  neutrophils  and 
in  one  liver  numerous  abscesses  occurred  in  the  hepatic 
parenchyma  (fig.  13).  In  this  same  liver  a  large  irreg- 
ular area  of  necrosis  reached  the  capsular  surface, 
suggesting  infarction  as  the  cause.  At  the  base  of  the 


necrotic  region,  abscesses  were  observed. 

Hepatic  lesions  were  quite  variable  in  mice  fed  the 
2:1  diet  for  2  weeks  ranging  from  mild  reactive 
changes  in  duct  epithelium  to  disseminated  focal 
necrosis.  All  of  the  livers  had  lesions  in  the  biliary 
system  and  in  some  periductal  granulation  tissue  was 
a  dominant  lesion,  whereas  in  other  livers  the  oblitera- 
tive  cholangitis  was  the  most  striking  change  (fig. 

14)  .  Changes  in  cxtrahepatic  ducts  were  severe  in 
some  with  the  necrotizing  cholangitis  accompanied 
by  granulation  tissue  and  thrombosed  lymphatics  (fig. 

15)  .  Venous  thrombosis  was  observed  adjacent  to  foci 
of  hepatic  necrosis  (fig.  16).  A  suppurative  choleocys- 
titis  was  accompanied  by  ulceration  of  the  mucosa 
and  an  intense  neutrophilic  response. 

Disseminated  focal  caseative  necrosis  was  most  often 
the  major  lesion  in  livers  of  mice  fed  1 : 1  diet  for  2 
weeks.  Necrotizing  and  reparative  changes  in  biliary 
passages  as  described  above  were  found  in  most  of 
the  livers. 

Five  of  the  eight  surviving  mice  fed  the  2M  diet  for 
3  weeks  had  severe  lesions  in  the  livers  with  dissemi- 
nated foci  of  caseative  necrosis  prominent  in  most. 
Extensive  infiltration  with  inflammatory  cells,  mainly 
neutrophils,  occurred  in  the  portal  areas,  around  the 
bile  ducts  and  surrounding  many  of  the  foci  of  necro- 
sis. Additional  lesions,  not  observed  previously,  in- 
cluded reactive  changes  in  hepatocytes,  consisting  of 
cellular  and  nuclear  hypertrophy  and  collapsed  paren- 
chyma with  cells  filled  with  bile  pigment.  The 
increased  portal  cellularity  in  other  livers  included 
proliferated  bile  ductule  cells  and  fibroblasts  in  addi- 
tion to  inflammatory  cells.  The  several  alterations  de- 
scribed above  were  found  in  the  biliary  system  of 
these  mice.  In  the  other  three  livers,  vacuolization  of 
hepatocytes  was  observed  in  one  and  in  the  other 
two,  mild  reactive  changes  were  present  in  the  ductal 
epithelium. 

Five  of  ten  mice  of  the  3M  diet  group  had  severe 
hepatic  lesions  consisting  of  disseminated  foci  of  casea- 
tive necrosis  (fig.  17)  with  marked  cellular  infiltration 
around  ducts  in  portal  areas  and  at  periphery  of 
necrotic  foci.  Portions  of  increased  cellularity  in  livers 
was  due  to  proliferated  bile  ductule  cells  and  fibro- 
blasts (fig.  18).  In  many  portal  areas  ductule  cells 
were  the  dominant  type.  Reactive  changes  were  ob- 
served in  both  hepatic  cells  and  in  the  epithelium  of 
ducts.  Fibrosis  occurred  around  some  bile  ducts  with 
obliteration  of  lumens.  In  the  other  livers,  vacuoles  in 
hepatic  cytoplasm  were  the  only  changes  observed. 

No  increase  in  the  incidence  of  severely  affected 
livers  occurred  during  the  next  2  weeks  of  feeding  in 
the  3: 1  group.  Severe  pathologic  changes  as  described 
above  were  present  in  four  of  10  livers  of  mice  fed  the 
3:1  diet  for  4  weeks.  In  the  other  livers,  vacuolization 
of  hepatocytes  was  the  only  lesion  and  it  was  consid- 
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Figure  7.-1:1  diet  for  1  week.  Area  of  hepatic  necrosis  con- 
tains erythrocytes  and  remains  of  bile  duct  and  hepatic 
artery.  No  reaction  in  parenchyma  around  necrotic  area. 

X  95 

Figure  8.-1:1  diet  for  1  week.  Periductular  fibroplasia  con- 
taining a  few  inflammatory  cells.  The  duct  epithelium  is 
both  attenuated  and  necrosed  and  the  lumen  is  plugged 
with  eosinophilic  hyaline  material  containing  nuclear  de- 
bris.  X  60 

Figure  9.-1:1  diet  for  1  week.  Necrotizing  cholangitis  of 
extrahepatic  duct  accompanied  by  fibroplasia  and  plugging 
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of  lymphatics.  Epithelium  is  destroyed  and  lumen  partially 
filled  with  eosinophilic  material.   X  40 

Figure  10.— 1:1  diet  for  1  week.  Necrotizing  cholangitis  of 
extrahepatic  ducts  accompanied  by  fibroplasia  and  sup- 
puration.  X  95 

Figure  11.-1:1  diet  for  1  week.  Infiltration  of  the  lamina 
propria  of  the  gall  bladder  mucosa  is  illustrated.  The  epi- 
thelium is  hyperplastic  accompanied  by  nuclear  and  cell- 
ular hypertrophy.   X  235 

Figure  12.-3:1  diet  for  2  weeks.  Severe  cytoplasm  i  vacu- 
olization of  hepatocytes.   X  235 
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Figure  13.-3:1  diet  for  2  weeks.  An  abscess  occupies  most 
of  field.  It  contained  a  core  of  cellular  debris  and  neutro- 
phils and  was  circled  by  granulation  tissue.   X  40 

Figure  14.-2:1  diet  for  2  weeks.  Obliterative  cholangitis 
was  accompanied  by  dilatation  of  periportal  lymphatics. 

X  235 

Figure  15.-2:1  diet  for  2  weeks.  Necrotizing  cholangitis  of 
extrahepatic  bile  duct  was  accompanied  by  fibroplasia  and 
thrombosis  of  lymphatics.   X  14 


Figure  16.-2:1  diet  for  2  weeks.  Hepatic  necrosis  adjacent 
to  radial  of  hepatic  vein  containing  a  fibrin  plug  adhered  to 
necrosed  wall.    X  40 

Figure  17.-3:1  diet  for  3  weeks.  Disseminated  focal  case- 
ative  necrosis  of  hepatocytes  is  illustrated.   X  10 

Figure  18.-3:1  diet  for  3  weeks.  Increased  cellularity  in 
periportal  zones  was  due  to  proliferation  of  fibroblasts, 
bile  ductule  cells  and  infiltration  by  leukocytes.    X  375 


Digitized  by  Google 


MYCOTOXINS 


101 


cred  to  be  severe  in  two  livers.  After  5  weeks,  three  of 
10  mice  had  the  severe  hepatic  lesions  described  above 
with  focal  bile  duct  proliferation  a  feature  in  some 
(figs.  19  and  20).  The  other  livers  were  considered 
normal. 

Of  the  10  mice  fed  the  3:1  diet  for  1  week  and 
killed,  two  were  found  to  have  lesions  in  the  kidney. 
In  one  kidney  reactive  changes  were  found  in  the 
epithelial  cells  of  the  convoluted  tubules;  in  the  other, 
vacuole  formation  occurred  within  the  cytoplasm  of 
tubular  epithelium. 

All  10  mice  of  the  2M  diet  group  had,  after  1  week, 
lesions  in  the  kidneys.  The  alterations  varied  both  as 
to  kinds  and  degree  of  severity.  In  half  of  the  kidneys, 
major  changes  were  restricted  to  the  epithelial  cells  of 
the  convoluted  tubules.  Epithelial  cells  were  hyper- 
trophied  with  enlarged  hypcrchromatic  nuclei  con- 
taining prominent  chromatin  clumps  and  increased 
basophilia  of  cytoplasm  was  observed  (fig.  21).  Some 
of  die  nuclei  were  quite  large  and  mitotic  figures 
were  observed  (fig.  22).  Hyperplasia  of  the  tubular 
epithelial  cells  was  common  and  the  proliferated 
nuclei  nearly  obliterated  the  lumens.  In  some  of  the 
tubules  the  lumens  contained  bright  red  amorphous 
deposits.  Such  reactive  changes  were  not  prominent 
in  two  mice  in  which  the  main  alterations  were  vacu- 
olization of  renal  epithelial  cells  due  to  accumulation 
of  water  or  lipids.  Three  mice  had  more  severe  renal 
lesions  consisting  of  reactive  changes  in  epithelium  of 
certain  tubules,  necrosis  of  epithelial  cells  in  others  of 
the  convoluted  tubules,  and  cast  formation  within 
collecting  tubules. 

All  of  the  mice  fed  the  1:1  diet  had  renal  lesions, 
generally  confined  to  the  cortex  and  of  the  two  gen- 
eral types  described  above,  but  more  severe.  Necrosis 
of  the  epithelium  of  the  convoluted  tubules  (fig.  23) 
was  not  accompanied  by  any  inflammatory  cells  but 
reactive  changes  of  the  epithelial  cells  of  certain  tu- 
bules did  occur.  Hyperplasia  of  epithelium  occurred 
as  the  only  reaction  as  well. 

The  severity  of  the  renal  lesions  did  not  progress  in 
the  mice  fed  the  3:1  diet  for  2  weeks.  The  kidneys 
from  five  mice  were  considered  normal  and  the  only 
change  noted  in  the  other  five  animals  were  brownish 
bile  casts  within  the  lumen  cortical  tubules.  The  renal 


changes  in  the  2-1  fed  group  also  were  minimal;  six 
kidneys  were  considered  normal,  two  had  reactive 
changes  of  the  tubular  epithelial  cells  accompanied 
by  scattered  foci  of  calcification  of  necrotic  renal  tu- 
bules. Alterations  in  two  other  kidneys  consisted  of 
dilated  tubules,  some  with  casts,  and  mild  reactive 
changes  in  tubular  epithelium. 

Microscopic  findings  were  generally  more  severe  in 
the  kidney  of  the  1 : 1  diet  group  although  two  were 
considered  normal.  The  lesions  were  variable  and 
included  those  described  above:  reactive  changes  of 
epithelial  cells,  necrosis  of  epithelium  of  convoluted 
tubules,  and  apparent  dilation  of  tubules  with  low, 
usually  squamous,  epithelium  (fig.  24).  A  few  foci  of 
calcified  tubules  were  observed  in  three  mice.  Calcifi- 
cation was  extensive  in  two  mice  and  accompanied 
the  necrosis  of  tubules  (fig.  25). 

Renal  lesions  had  not  progressed  in  mice  fed  the 
2:1  diet  for  3  weeks.  Four  of  the  10  were  considered 
normal  and  two  had  only  a  few  foci  of  calcification. 
Two  others  contained  a  few  foci  of  reactive  tubular 
epithelium  accompanied  by  scattered  necrotic  tubules, 
some  calcified,  and  a  few  bile  casts. 

During  the  third  to  the  fifth  week,  the  alterations 
observed  in  the  kidneys  of  mice  fed  the  3:1  diet  de- 
creased in  severity  and  the  number  affected  also 
decreased.  Thus,  after  3  weeks,  six  mice  had  renal 
lesions  but  only  one  was  severely  involved.  The  others 
had  mild  to  moderate  reactive  changes  in  cortical 
tubular  epithelium  accompanied  by  a  few  bile  casts. 
Eight  of  ten  mice  fed  the  3M  diet  for  4  weeks  were 
found  to  have  normal  appearing  kidneys  and  in  the 
two  with  lesions  only  the  tubular  epithelium  was  af- 
fected. After  5  weeks  of  feeding,  nine  of  10  kidneys 
were  considered  normal. 

Weight  gains  and  mortality  (trial  2  — isolate 
2HA-2). — Average  body  weights  were  reduced  in  all 
test  groups,  especially  in  the  1  '■  1  diet  group  which 
was  about  half  the  weight  of  controls  (table  4).  None 
of  this  group  survived  beyond  7  days  of  feeding  and 
50  of  80  mice  died.  Mortality  was  less  in  the  2-1  diet 
group;  one  mouse  died  during  the  first  week  and  21 
between  the  first  and  second  week  of  feeding.  Although 
no  deaths  occurred  during  the  first  week  in  the  group 
fed  3U  diet,  21  died  between  7  and  14  days  of  feeding. 


Table  4.— Body  and  liver  weights  of  mice  fed  P.  viridicatum  culture  (2HA-2) 


Experimental  Liver  weight,  percent 

group  Average  body  weight,  days  Average  liver  weight,  days  body  weight,  days 
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11.1 

13.7 

16.1 

18.6 

23.4 

26.8 
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0.99 

1.14 

1.72 

1.87 

5.3 

6.1 

6.1 

7.3 

6.9 

1  =  1  diet  

10.9 

11.7 

9.4 

9.7 

.54 

.45 

.49 

4.6 

4.8 

5.0 

2U  diet 

12.1 

NT 

13.4 

12.7 

12.6 

12.5 

NT 

.67 

.64 

.89 

.91 

NT 

5.0 
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3=1  diet 

11.2 

NT 

NT 

14.1 

13.2 

13.4 

NT 

NT 

.85 
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Figure  19.-3:1  diet  for  5  weeks.  Increased  cellularity  in 
portal  areas,  focal  necrosis  and  focal  bile  duct  hyperplasia 
are  illustrated.   X  45 

Figure  20.-3:1  diet  for  5  weeks.  Numerous  bile  ducts  are 
located  within  granulation  tissue  infiltrated  with  leukocytes. 

X  235 

Figure  21.— 2:1  diet  for  1  week.  Reactive  changes  in  tubular 
epithelium  included  cytoplasmic  and  nuclear  hypertrophy, 
hyperplasia,  and  increased  cytoplasmic  basophilia. 

X120 


Figure  22.-2:1  diet  for  1  week.  Mitotic  figures  and  nuclear 
hypertrophy  in  reactive  tubular  epithelium  are  illustrated. 

X  375 

Figure  23.-1:1  diet  for  1  week.  Necrosis  of  convoluted 
tubules  was  not  accompanied  by  inflammatory  response. 

X  150 

Figure  24.-1:1  diet  for  2  weeks.  Dilated  tubules  are  lined 
by  attenuated  cells  resembling  squamous  epithelium. 

X  120 
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Necropsy  findings.— Jaundiced  carcasses  were 
observed  in  12  of  20  test  mice  killed  after  10  days  of 
feeding  and  15  of  18  killed  after  14  days.  The  inci- 
dence of  grossly  affected  livers  was  never  more  than 
half  in  the  mice  killed,  until  14  days  when  10  of  18 
had  obvious  hepatic  lesions  (table  5).  The  gross 
changes  were  as  described  above  including  greenish 
discoloration  and  the  presence  of  few  to  many  pin- 
point green  to  yellow  foci  on  the  capsular  surface. 
Prominent  lobular  markings  were  observed  in  livers 
of  some  mice  and  small  red  foci  of  apparent  hemor- 
rhage in  others.  The  incidence  of  pigmented  kidneys 
was  greatest  after  2  weeks  of  feeding  as  half  of  the  test 
mice  were  affected. 

Liver  weight,  as  a  percentage  of  body  weight,  ap- 
peared to  be  decreased  during  the  early  phases  of  the 
intoxication,  but  later  the  differences  among  groups 
were  not  great. 

Histopathology. — Livers  from  mice  fed  the  IM 
diet  for  3  days  were  considered  normal.  However, 
after  5  days,  four  of  10  mice  had  lesions,  generally 
mild,  affecting  the  bile  ducts.  Pathoanatomic  changes 
included  periductular  edema  with  serous  exudation 
into  the  portal  spaces  accompanied  by  necrosis  of  the 
biliary  epithelium.  Cholangitis  in  other  sections  was 
observed  with  the  duct  lumen  obscured  by  inflamma- 
tory cells,  mainly  neutrophils.  Inflammatory  cells  also 
were  present  in  the  periportal  tissues.  Some  necrotic 
bile  ducts  contained  an  eosinophilic  material,  some- 
what fibrillar,  resembling  fibrin.  Only  two  livers  from 
mice  fed  the  2:1  diet  for  5  days  were  considered 
abnormal.  Necrosis  of  ductal  epithelium  was  evident 
as  some  of  the  cells  were  missing  and  others  had 
pyenotic  nuclei.  Lumens  of  some  ducts  contained 
plugs  with  a  matrix  of  fine  fibrils.  Such  material 
occurred  in  some  dilated  lymphatic  capillaries.  Reac- 
tive changes  in  ductal  epithelium  consisted  of  cellular 
and  nuclear  hypertrophy  with  increased  basophilia  of 
cytoplasm. 

Lesions  in  the  extrahepatic  ducts  were  observed  in 
the  1:1  diet  group  after  7  days.  Necrosis  of  epithelium 
was  accompanied  by  cellular  infiltration  of  wall  and 
supporting  tissues.  Cholangitis  with  inflammatory 
cells  in  wall  and  lumen  was  present  along  with  peri- 
ductular hemorrhage.  Six  of  ten  mice  were  affected 


with  dominant  changes  of  the  biliary  system,  but 
marked  disseminated  foci  of  necrosis  was  not  seen. 
Ccntrolobular  necrosis  was  observed  in  a  single  mouse. 

Lesions  were  generally  more  severe  in  the  livers  of 
2: 1  diet  mice  after  7  days  and  were  generally  restricted 
to  the  biliary  system  and  necrotic  foci  within  the  he- 
patic parenchyma  was  found  in  one  mouse. 

Additional  features  of  the  liver  histopathology  in 
mice  fed  the  3:1  diet  for  7  days  included  reactive 
changes  in  ductal  epithelium  of  hypertrophy  and  hy- 
perplasia accompanied  in  some  ducts  by  periductular 
fibroplasia,  often  infiltrated  with  inflammatory  cells. 

After  2  weeks,  more  advanced  lesions  were  observed 
in  six  of  eight  mice  fed  the  2: 1  diet.  In  the  livers,  the 
dominant  pathologic  picture  was  the  disseminated 
foci  of  caseative  necrosis.  All  the  several  changes  pre- 
viously described  were  observed  in  the  biliary  passages. 
Two  mice  did  not  have  liver  lesions  in  the  sections 
examined. 

Nine  mice  fed  the  3:1  diet  for  2  weeks  had  liver 
lesions.  Although  disseminated  focal  necrosis  was  a 
prominent  feature  in  five  of  these,  more  acute  lesions 
were  present  in  the  biliary  system  than  observed  in 
the  2:1  diet  group  and  was  the  main  feature  of  the 
pathologic  picture  in  four  mice  (fig.  26).  Necrotizing 
cholcocystitis  occurred  and  extensive  hyperplasia  was 
found  in  other  larger  extrahepatic  ducts  along  with 
fibrosis  and  cellular  infiltration  (fig.  27).  Obliterative 
cholangitis  (fig.  28)  was  often  observed  as  was  ob- 
served in  mice  fed  isolate  5x3-*3. 

No  lesions  were  observed  in  the  kidneys  of  mice  fed 
the  1:1  diet  for  3  days.  After  5  days  half  of  the  mice 
had  renal  changes  consisting  of  vacuolization  and 
necrosis  of  the  epithelium  of  convoluted  tubules. 
Necrosis  was  evidenced  by  increased  eosinophilia  of  the 
cytoplasm  and  nuclear  pyenosis.  Of  the  10  mice  on 
the  2:1  diet  for  5  days,  three  had  similar  degenerative 
and  necrotic  changes  in  tubular  epithelium. 

The  number  of  affected  mice  increased  after  7  days 
of  feedings.  Eight  of  ten  mice  on  the  1 : 1  diet  had 
renal  lesions  consisting  of  tubular  degeneration  and 
necrosis  with  some  casts  and  mild  reactive  changes 
were  observed  in  the  epithelium  of  three.  Necrosis  of 
tubular  epithelium  was  present  in  five  of  10  mice  fed 
the  2: 1  diet  for  7  days  but  reactive  changes  of  the 


Table  5.— Gross  lesions  in  mice  fed  P.  viridicatum  culture  (isolate,  2HA-2) 


Jaundice,  days  Liver  necrosis,  days  Pigmented  kidneys,  days 

Experimental  group        3         5        7        10       14  3         5        7        10       14        3         5         7        10  14 

Control                         0/5     0/5     0/5     0/5     0/5  0/5  0/5     0/5     0/5     0/5  0/5     0/5     0/5     0/5  0/5 

P.  viriduatum,  1:1             0/10    0/10    0/10    0/10  0/10    0/10    0/10    0/10  0/10   

P.  viriduatum,  2: 1              NT    0/10    0/10    8/ It)    8/8  NT  0/10    3/10    5/10    5/8  NT    0/10    0/10    0/10  5/8 

P.  viridicatum,  3=1              NT      NT     2/10    4/10    7/10  NT  NT    0/10    4/10    5,10  NT      NT     1/10    2/10  4/10 
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Figure  25.-1:1  diet  for  2  weeks.  Necrosis  of  tubular  epi 
thelium  is  accompanied  by  calcification.   X  60 


Figure  26.-3:1  diet  for  2  weeks.  Necrotizing  choleocystitis 
is  illustrated.    X  45 


Figure  27.-3:1  diet  for  2  weeks.  Extensive  hyperplasia  of 
extrahepatlc  duct  epithelium  with  fibroplasia  and  cellular 
Infiltration.   X  40 


Figure  28.-3:1  diet  for  2  weeks.  Obliterative  cholangitis 
was  a  feature  of  intoxication  by  both  isolates.  X  195 


epithelial  cells  occurred  in  only  one.  Most  of  the 
mice  fed  the  3:1  diet  for  7  days  had  normal  appearing 
kidneys  microscopically  and  only  two  were  found 
with  reactive  tubular  epithelium. 

No  mice  fed  the  1 : 1  diet  were  available  for  exami- 
nation after  10  days  of  feeding.  However,  eight  of  10 
fed  the  2'\  diet  had  renal  lesions  described  above 
with  five  of  eight  showing  tubular  necrosis.  The  major 
pathologic  finding  in  the  3:1  diet  group  was  reactive 
changes  in  the  tubular  epithelium  as  six  of  10  were 
affected  and  only  three  showed  necrosis  of  tubules.  A 
few  casts,  both  hyaline  and  bile,  were  observed  in  the 
affected  kidneys. 

No  further  progression  of  the  renal  lesions  occurred 
in  the  two  groups  examined  after  2  weeks  of  feeding. 
Of  the  eight  fed  the  2M  diet,  kidney  changes  were 
minor  consisting  of  a  few  dilated  tubules  and  bile 
casts  in  three  and  mild  reactive  changes  in  two  others. 
Necrosis  of  tubular  epithelium  occurred  in  two  of  10 
mice  fed  the  3:1  diet  for  2  weeks;  three  kidneys  were 
considered  normal  and  reactive  changes  were  observed 
in  four. 

Discussion 

The  development  of  the  morphologic  lesions  in  the 
livers  of  mice  fed  corn  cultures  of  P.  viridicatum  fol- 
lowed a  fairly  definite  pattern,  although  great  varia- 
tions in  the  severity  of  the  disease  among  mice  of  a 
particular  diet  group  and  period  of  feeding  were  ob- 
served. Thus,  some  mice  would  have  rather  severe 
hepatic  alterations  and  the  livers  of  cage  mates  would 
appear  microscopically  normal.  No  explanation  for 
these  observations  outside  of  biologic  variation  can 
be  given  at  this  time.  Such  great  variation  in  host 
response  to  fungal  toxins  is  not  unknown.  Done,  ct 
al.  (10)  has  emphasized  the  wide  range  in  severity 
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of  disease  within  a  flock  of  sheep  affected  with  facial 
eczema  and  has  described  changes  in  serum  chemistry 
after  oral  administration  of  sporidesmin  (77). 

The  dominant  features  of  the  early  lesions  in  mice 
were  those  involving  the  bile  ducts  and  were  the 
same  for  the  two  isolates.  Basically,  a  cholangitis  de- 
veloped with  necrosis  of  epithelium  and  periportal 
inflammatory  cell  infiltration,  followed  in  some  other 
portal  areas  by  fibroplasia  and  reactive  changes  of 
hypertrophy  and  hyperplasia  of  duct  epithelium.  Re- 
covery did  not  occur  in  other  affected  ducts  and  the 
expanding  necrosis  involved  other  portal  structures 
including  the  hepatic  artery.  Often  "ghosts"  of  these 
structures  occurred  within  foci  of  necrosis.  Not  only 
were  intrahepatic  ducts  affected,  but  similar  necrotic, 
inflammatory-  and  fibrous  alterations  were  observed 
in  extrahepatic  ducts  and  in  the  gall  bladder.  Within 
both  types  of  bile  passages  the  reparative  response 
resulted  in  obliteration  of  the  ducts  due  to  the  prolif- 
eration of  fibrous  connective  tissue.  Later,  after  1  to  3 
weeks,  the  pathologic  picnire  was  dominated  by 
numerous  foci  of  caseative  necrosis.  When  such  lesions 
were  observed,  it  was  difficult  to  find  portal  structures 
suggesting  they  had  been  destroyed  and  were  obscured 
by  the  necrosis.  At  this  time,  also,  proliferation  of 
bile  ducts  and  bile  ductule  cells  occurred,  but  this 
response  was  late  in  contrast  to  the  destructive 
changes  in  the  bile  ducts.  Other  mycotoxins,  espe- 
cially anatoxin,  induce  an  early  marked  proliferation 
of  bile  ductule  cells  in  several  species  of  animals  (2,  5, 
6t  7).  In  the  duckling,  bile  ductule  cell  hyperplasia 
was  used  as  a  bioassay  procedure  for  the  identification 
and  estimation  of  toxic  fractions  (23,  24). 

The  mycotoxicosis  induced  in  mice  by  cultures  of 
P.  viridicalum  most  resembles  the  pathologic  changes 
reported  in  sporidesmin  intoxication  in  sheep  (27, 
22).  In  the  experimental  disease  in  sheep,  a  marked 
pericholangitic  inflammatory  exudation  was  accom- 
panied by  a  necrotizing  cholecystitis  and  cholangitis. 
The  formation  of  granulation  tissue  with  partial  steno- 
sis or  obliteration  of  bile  ducts  followed  the  acute 
lesions.  These  were  essentially  the  major  hepatic  le- 
sions in  the  test  mice  of  this  study.  Whereas,  Mortimer 
(27)  found  vascular  occlusive  lesions  in  sheep  poisoned 
with  sporidesmin,  marked  involvement  of  vessels  was 
not  a  feature  of  P.  viridicalum  toxicosis  in  mice.  Slater 
ct  al.  (28)  found  that  the  rate  responds  differently 
than  sheep  and  certain  laboratory'  rodents  to  sporides- 
min intoxication.  He  found  that  the  pathologic 
changes  were  in  the  nature  of  a  general  inflammatory 
response,  marked  by  ascites  and/or  pleural  effusions, 
increased  capillary  permeability  and  diarrhea,  but 
the  severe  hepatic  alterations  characteristic  of  the  dis- 
ease in  sheep  did  not  occur. 

Renal  lesions  occurred  in  all  groups  early  in  the 
experimental  period  and  consisted  of  necrosis  of  con- 


voluted tubules  followed  in  some  kidneys  by  calcifica- 
tion and  reactive  changes  in  tubular  epithelial  cells. 
In  affected  tubules,  cellular  and  nuclear  hypertrophy 
was  accompanied  by  increased  cytoplasmic  basophilia, 
hyperplasia  and  mitoses.  In  many  kidneys  these  hyper- 
plastic tubules  were  the  only  lesions  found,  and  ap- 
peared to  develop  in.  the  absence  of  prior  tubular 
necrosis.  Thus,  these  alterations  need  not  Ik;  inter- 
preted as  regeneration  reactions  but  rather  a  direct 
response  to  the  toxin(s)  produced  by  the  growth  of 
the  fungus  in  the  corn  cultures.  The  necrosis  of  con- 
voluted tubules  may  not  represent  a  specific  lesion  of 
the  mycotoxicosis.  The  fungal  cultures  were  treated 
with  chloroform  and,  although  the  drying  period 
should  have  removed  all  traces,  some  small  amount 
may  have  persisted.  Male  mice  are  extremely  sensitive 
to  chloroform  and  poisoning  by  this  chemical  results 
in  extensive  necrosis  of  convoluted  tubules  (77). 
However,  renal  lesions  have  been  described  in  afla- 
toxicosis  in  turkeys  (29)  and  in  ducklings  (22). 

The  specific  component  in  the  corn  cultures  respon- 
sible for  the  intoxication  has  not  been  established. 
Anatoxins  as  causative  agents  have  been  eliminated 
by  at  least  two  observations.  The  cultures  were  uni- 
formly negative  for  anatoxins  by  thin-layer  chroma- 
tography assay  and  the  mouse  is  relatively  insensitive 
to  aflatoxins,  whereas,  it  is  extremely  susceptible  to 
the  toxins  of  P.  viridicalum.  This  species  has  been  little 
investigated,  but  certain  strains  arc  known  to  produce 
a  chemical  named  viridicatin  (9),  which  had  little 
antibiotic  usefulness.  No  toxicologic  studies  of  this 
antibiotic  has  been  published.  Certain  Pcnicillia  arc 
producers  of  gliotoxin,  one  of  several  epidithiadiox- 
opipcrazincs  metabolites  of  fungi  which  include  cheto- 
min  and  sporidesmin.  Gliotoxin  at  a  dosage  of  50 
mg./kg.  killed  injected  mice  within  24  hours.  Half 
this  dose  killed  50  percent  of  the  mice  and  hematuria 
was  a  common  finding  (16).  Taylor  (29)  has  reviewed 
the  cpidithiadioxopipcrazines  but  did  not  indicate 
that  the  pathologic  features  of  gliotoxin  poisoning 
have  been  reported.  Extraction  studies  arc  presently 
underway  to  attempt  the  isolation  and  chemical  char- 
acterization of  the  mycotoxin(s)  produced  by  P.  viri- 
dicalum. 
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Summary 

Mycotoxin  may  be  divided  into  two  categories,  in 
a  broad  sense.  One  category  includes  the  toxic  com- 
pounds produced  by  fungi  when  they  grow  on  or 
infect  agricultural  commodities.  The  other  category- 
consists  of  toxic  compounds  produced  by  agricultural 
commodities  when  they  arc  attacked  by  fungi. 

Aflatoxins  are  the  typical  group  belonging  to  the 
first  category'.  In  the  present  study,  aflatoxin  Bi  caused 
an  increase  in  the  enzymatic  activities  of  supernatant 
and  mitochondrial  fractions  and  also  in  the  number 
of  mitochondria  of  sweet  potato  root  slices  during 
aging.  Aflatoxin  Bi  inhibited  DNA  replication  but 
not  the  protein  synthesis  of  higher  plant  tissues. 

As  one  example  of  the  other  kind  of  mycotoxin, 
which  are  produced  by  living  agricultural  commodi- 
ties when  contaminated  by  fungi.  When  the  sweet 
potato  is  attacked  by  the  fungus  pathogen,  Ceratocystis 
fimbriata,  or  any  other  injurious  agent,  the  root  tissue 
produces  more  than  10  kinds  of  bitter  substances;  the 
main  component  of  which  is  ipomeamarone,  a  ses- 
quiterpene containing  a  furan  ring.  The  compound 
inhibits  the  respiration  of  sweet  potato  root  tissue  as 
well  as  C.  fimbriata  and  rat  liver. 

Effects  of  Aflatoxin  on  Plant  Tissues 
Introduction 

Aflatoxins  are  well  known  to  be  the  toxic  metab- 
olites of  certain  strains  of  Aspergillus  fiavus  which 
grow  on  groundnuts  or  other  agricultural  commodi- 
ties. 

Many  laboratories  have  reported  interesting  find- 
ings concerning  the  mode  of  action  of  aflatoxins  on 
animal  tissues  and  micro-organisms,  showing  that 
toxins  depress  cell  division.  As  listed  in  table  1,  the 
depression  was  shown  to  be  probably  due  to  the  inhibi- 
tion of  DNA  replication  (8,  21)  and  protein  synthesis 

'Read  by  K.  Aihara. 


(9,  10).  It  has  been  shown  that  the  toxins  combine 
with  DNA  or  with  histone  (7,  29)  and  inhibit  the 
activities  of  DNA  polymerase  and  DNA-dcpcndent 
RNA  polymerase  (9,  11). 

Table  l.-Effects  of  aflatoxins  on  animal  tissues 
and  micro-organisms 


O  Depression  of  cell  division. 
O  Inhibition  of  DNA  replication. 
O   Inhibition  of  protein  synthesis. 
O  Formation  of  complex  with  DNA  or  histone. 
O  Inhibition  of  DNA  polymerase  and  DNA  dependent 
RNA  polymerase  activities. 


However,  few  reports  are  available  concerning  the 
effects  of  aflatoxins  on  plant  tissues  (27) .  There  is  the 
evidence  for  the  inhibition  of  mitosis  and  protein 
synthesis  in  plant  tissues  by  the  toxins  (6,  22).  Inter- 
estingly, the  toxins  seem  to  have  also  a  gibberelin-like 
action  on  plant  tissues  (17).  We  have  investigated  the 
effects  of  the  toxins  on  plant  tissues  in  order  to  eluci- 
date what  kinds  of  events  occur  in  plant  tissues  infect- 
ed by  A.  fiavus. 

Before  describing  the  effects  of  aflatoxins  on  plant 
tissues,  some  typical  events  in  the  biological  system 
we  have  used  will  be  reviewed.  Our  laboratory  has 
reported  (see  table  2)  that  many  kinds  of  reactions 
were  activated  in  sweet  potato  root  tissue,  when  the 
thinly  sliced  tissue  was  incubated  at  28°  to  30°  C.  in 
moist  air  (30,  34).  The  respiratory  activity  of  the 
slices  increased  during  aging  (4).  Polyphenols  such  as 
chlorogenic  acid  and  isochlorogenic  acid  were  syn- 

Table  2.— Metabolic  changes  in  sweet  potato  root 
tissue  in  response  to  injury 


O   Increase  in  respiratory  activity. 

O  Synthesis  of  polyphenols. 

O   Increase  in  enzymatic  activity: 

Peroxidase,  Polyphenol  oxidase,  Glc-6-P  dehyrogenase, 
6-P-gluconate  dehyrogenase,  f>-Dehydroquinatc 
dehyrogenase,  Shilcimatc  dehydrogenase, 
Phenylalanine  ammonia-lyasc. 
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thesized  during  incubation  (30).  Moreover,  activities 
of  various  enzymes  increased  during  aging.  They  in- 
volved peroxidase  (19),  polyphenol  oxidase  (15), 
glucose  6-phosphate  dehydrogenase,  6-phosphogluco- 
nate  dehydrogenase  (25),  and  some  enzymes  partici- 
pating in  the  polyphenol  biosynthesis  such  as  5-dehy- 
droquinatc  hydro-lyase,  shikimatc  dehydrogenase  and 
phenylalanine  ammonia-lyase  (23,  34).  The  increase 
in  the  enzymatic  activities  has  been  shown  to  be 
inhibited  by  puromycin  and  other  protein  synthesis 
inhibitors  (18,  34).  Actinomycin  D  also  inhibited  the 
increase.  Thus,  the  increase  in  the  enzymatic  activities 
in  response  to  injury  was  due  to  de  novo  synthesis  of 
enzyme  proteins  from  amino  acids,  which  process 
required  the  synthesis  of  messenger  RNA. 

Futhermorc,  the  activity  and  number  of  mito- 
chondrial particles  in  the  root  tissue  also  increased 
during  aging  of  the  slice  (4).  Table  3  indicates  the 
time-course  analysis  after  slicing.  The  number  of 
Janus  green  B-stained  particles  in  the  fraction  in- 
creased during  incubation,  as  well  as  acid-insoluble 
nitrogen  content  and  cytochrome  oxidase  activity. 
The  increase  in  acid-insoluble  nitrogen  and  cyto- 
chrome oxidase  activity  may  have  been  specially 
related  to  the  increase  in  the  number  of  mitochondrial 
particles,  and  the  increased  activity  may  have  been 
an  important  factor  for  the  increased  respiration  after 
slicing,  so  called  wound  respiration. 


Table  3.— Increase  In  number  of  mitochondria 
particles  during  aging  of  slices 


Time  after 
slicing 
(day*) 

Acid- 
insoluble 
nitrogen 
(percent) 

Cytochrome 
oxidase 
activity 
(percent) 

Number  of 
particle 
(percent) 

0 

100 

100 

100 

1 

151 

142 

112 

2 

191 

359 

173 

3 

189 

355 

238 

The  increase  in  the  mitochondrial  activity  and 
number  was  inhibited  by  some  protein  synthesis  in- 
hibitors, as  shown  in  figure  1.  The  open  circles  indi- 
cate the  changes  in  the  slices  incubated  without  any 
inhibitor.  The  square  symbols  show  the  changes  in 
the  slices  treated  for  1  hour  with  blasticidin  S  (1.3  x 
10-6  M),  a  potent  protein  synthesis  inhibitor.  The 
triangles  indicate  the  changes  in  the  slices  treated  for 
1  hour  with  chloramphenicol  (6x  10"3  M),  which  is 
known  to  inhibit  the  bacterial  type  of  protein  syn- 
thesis. Blasticidin  S  inhibited  the  increase  in  cyto- 
chrome oxidase  activity  and  the  number  of  the 
particles,  as  well  as  peroxidase  activity  in  the  super- 
natant. However,  chloramphenicol  inhibited  the 
increase  in  cytochrome  oxidase  activity  and  the 
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Figure  1.— Effects  of  inhibitors,  blasticidin  S  and  chloram- 
phanicol,  on  cytochrome  oxidase  activity,  number  of  mito- 
chondria and  peroxidase  activity  of  sweet  potato  root  tissue. 


— o-control,  -~o-  mitomycin  C#  •--  o-  5-Kxtodtoxyundine. 
Cyt.  oxideee  act        Number  ef  MM.  PeroxMote  act 
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Figure  2.— Effects  of  inhibitors,  mitomycin  C  and  5-iodode- 
oxyuridine  on  cytochrome  oxidase  activity,  number  of  mito- 
chondria end  peroxidase  activity  of  sweet  potato  root  tissue. 

number  of  the  particles,  but  did  not  inhibit  the 
increase  in  peroxidase  activity.  Thus,  chloramphenicol 
inhibited  only  the  protein  synthesis  in  the  mito- 
chondrial particles  and  had  no  effect  on  the  protein 
synthesis  in  the  cytoplasmic  ribosomal  fraction. 
Furthermore,  chloramphenicol  inhibited  only  the  in- 
corporation of  Cu-leucine  into  the  mitochondrial 
protein  and  did  not  inhibit  the  incorporation  into  the 
supernatant  protein.  These  results  also  strengthen  the 
concept  that  the  increase  in  the  mitochondrial  number 
requires  an  active  operation  of  the  protein  synthesis 
system  in  the  particles. 

Figure  2  shows  the  effects  of  mitomycin  C  and 
5-iododeoxyuridine  on  the  increase  in  the  activities  of 
cytochrome  oxidase  and  peroxidase  and  the  number 
of  mitochondrial  particles.  The  open  circles  show  the 
changes  in  the  slices  incubated  without  any  inhibitor. 
The  squares  are  the  changes  in  the  slices  treated  with 
mitomycin  C  (3  x  10~6  M)  and  the  triangles  are  the 


Digitized  by  Go 


MYCOTOXINS 


109 


changes  in  the  slices  treated  with  5-iododcoxyuridinc 
(3  x  10~5  M).  Interestingly,  both  inhibitors  had  no 
effect  on  the  increase  in  the  enzymatic  activities  of 
both  cytochrome  oxidase  and  peroxidase.  However, 
the  inhibitors  depressed  the  increase  in  the  number  of 
mitochondrial  particles.  These  data  suggest  to  us  that 
the  inhibitors  for  DNA  replication  inhibited  the  in- 
crease in  the  number  of  mitochondrial  particles  with- 
out any  effect  on  the  synthesis  of  enzyme  proteins. 
The  activity  of  a  DNA-polymerase  in  the  plant  mito- 
chondria may  have  been  inhibited  by  those  inhibitors, 
as  has  been  shown  in  isolated  yeast  mitochondria 
(55).  At  the  present  time,  we  cannot  explain  how  the 
inhibitors  depress  the  increase  in  the  number  of  mito- 
chondrial particles  without  any  effect  on  the  synthesis 
of  cytochrome  oxidase.  It  may  be  very  instructive  for 
elucidating  the  mode  of  action  of  such  inhibitors  to 
look  at  the  fine-structure  of  mitochondria  in  the  in- 
hibitor-treated slices  by  electron  microscopy. 

The  mode  of  action  of  aflatoxins  could  be  eluci- 
dated, if  aflatoxins  affected  the  increase  in  the  activi- 
ties of  cytochrome  oxidase  and/or  the  number  of 
mitochondrial  particles;  and  the  effect  of  aflatoxins 
would  be  compared  with  that  of  the  inhibitors  as 
shown  above. 

Methods 

Preparation  of  slices.— As  indicated  in  table  4, 
sweet  potato  root  tissue  was  sliced  and  disks,  2  mm. 
in  thickness  and  10  mm.  in  diameter,  made  by  using 
a  cork  borer.  The  40  disks  were  washed  with  water 
and  immersed  for  1  hour  at  room  temperature  in  100 
ml.  of  0.05  M  phosphate  buffer,  pH  5.5,  containing 
1.5  x  10"5  M  aflatoxin  Bi  in  0.5  percent  methanol, 
with  continuous  stirring.  Then,  the  disks  were  wiped 
and  incubated  at  28°  to  30°  C.  on  filter  paper  in  a 
moist  chamber.  In  the  case  of  1.5  x  10~4  M.,  0.2 
percent  X,  N-dimethylformainide  was  used  in  place 
of  0.5  percent  methanol  for  the  complete  dissolution 
of  aflatoxin  Bi. 


Table  4.— Metabolic  changes  in  sweet  potato 
root  tissue  in  response  to  injury 


Discs  of  sweet  potato  tissue: 

(NORIN-1)    (10  x  2mm.) 
Incubated  for  I  hr.  at  room  temperature  in  0.05  M 
Phosphate  buffer  PH  5.5  containing  0.5  percent 
MetOH  with  or  without  AFLATOXIN-Bi 
1.5  x  lO-'M  (4.68  pg./ml.) 
Incubated  at  30c  to  28°  C.  in  dry  petri  dish. 
J.  Extraction  of  enzymes. 
O  Increase  in  Peroxidase,  Phenylalanine 

ammonialyasc,  Polyphenol  oxidase,  Cytochrome 
oxidase,  Succinate  dehydrogenase  and  a-Kcto 
glutaratc  dehydrogenase  activities. 
O  Increase  in  Mitochondria  number. 
O  Inhibition  by  Protein  synthesis  inhibitors. 


Preparation  of  toxin.— Aflatoxin  Bi  was  isolated 
in  a  pure  form  by  the  extraction  from  steamed  rice 
grains  on  which  XRRL  2999  strain  of  A.  flavus  had 
been  grown,  according  to  the  method  of  Hcsscltine, 
Shotwell  and  others  (12,  28). 

Preparation  of  soluble  enzyme-containing 
extract  and  mitochondrial  fraction.— The  incubated 
disks  were  homogenized  with  Tris  buffer,  pH  7.0, 
containing  0.5  M  sucrose  and  the  homogenate  was 
centrifuged  for  10  minutes  at  300  g.  The  supernatant 
fraction  was  used  for  the  assays  of  the  activities  of 
peroxidase,  phenylalanine  ammonia-lyasc  and  poly- 
phenol oxidase.  The  mitochondrial  fraction  was  pre- 
pared by  centrifuging  the  supernatant  fraction  for  20 
minutes  at  14,000  x  g.  and  by  washing  the  precip- 
itate once  and  recentrifuging  the  suspension.  The 
mitochondrial  fraction  was  used  for  the  assays  of  the 
activities  of  cytochrome  oxidase,  succinate  dehydro- 
genase and  a-ketoglutarate  dehydrogenase,  and  for 
the  counting  of  the  number  of  Janus  green  B-stained 
particles  (see  table  5). 

Table  5.— Extraction  of  enzymes 


Tissue  10  g.  (incubated): 

Homogenized  with  20  ml.  of  0.05  M  Tris- 

HC1  PH  7.0—0.5  M  Sucrose— 0.01  M  EDTA- 
0.1  percent  Na  isoascorbatc  for  1.0  min. 

Squeezed  through  cheese  cloth. 

Centrifuged  for  10  min.  at  300  x  g. 

Ppt    Sup    Made  up  to  25  ml.  with  homogenizing 

|         medium  and  taken  off  1 .0  ml.  for  Peroxidase 
and  4.0  ml.  for  Phcnylalaninammonialyase. 
Centrifuged  for  20  min.  at  14,000  x  g. 

Sup    Ppt    Suspended  in  0.05  M  Tris-HCI 
I      PH  7.0-0.5  M  Sucrose. 

Centrifuged  for  20  min.  at  14,000  x  g. 


Sup    Ppt    Suspended  with  glass  homogenizer  and 

made  up  to  5.0  ml.  with  washing  medium, 
tochondrial  fraction: 
Mitochondria  number. 
Cytochrome  oxidase. 
Succinate  dehydrogenase. 
a-Ketoglutarate  dehydrogenase. 


Results 

The  effects  of  aflatoxin  Bi  on  the  increase  in  peroxi- 
dase and  succinate  dehydrogenase  activities  in  re- 
sponse to  injury  are  shown  in  figure  3.  The  solid  lines 
show  the  increasing  profiles  of  the  enzymatic  activities 
in  the  disks  not  treated  with  the  toxin.  The  dotted 
lines  show  the  enzymatic  activities  in  the  disks  treated 
with  the  toxin.  The  toxin  had  no  effect  on  the  increase 
in  the  enzymatic  activities  in  response  to  injury.  The 
same  profiles  are  observed  also  in  the  case  of  phenyl- 
alanine ammonia-lyase. 
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The  effects  of  aflatoxin  Bi  on  the  increase  in  cyto- 
chrome oxidase  activity  and  the  number  of  mito- 
chondrial particles  are  shown  in  figure  4.  The  toxin 
had  no  effect  on  the  increase  in  the  enzymatic  activity, 
but  did  inhibit  the  increase  in  the  number  of  the 
particles. 


o  I  2  0123 


Days  after  slicing 

Figure  3.— Effects  of  aflatoxin  Bi  on  increase  In  •nzymatfc 
activity  in  response  to  injury.  (1) 


after  slicing 


Figure  4.— Effects  of  aflatoxin  Bi  on  increase  in  enzymatic 
activity  In  response  to  injury.  (2) 

Therefore,  the  effects  of  aflatoxin  Bi  on  the  meta- 
bolic changes  in  response  to  injury  resembled  the 
action  of  mitomycin  C  and  5-iododeoxyuridine,  which 
are  the  inhibitors  for  DNA  replication.  Thus,  it  may 
be  supposed  that  aflatoxin  Bi  is  a  kind  of  DNA-rcpli- 
cation  inhibitor,  and  inhibits  the  replication  of  mito- 
chondrial DNA,  but  the  toxin  does  not  inhibit  protein 
synthesis,  either  in  cytoplasmic  ribosomal  fraction  or 
in  the  mitochondrial  particles  in  the  range  of  1.5  x 
10~4  to  1.5  x  10" 6  M  (5).  Neither  polyphenol  oxidase 
nor  a-ketoglutarate  dehydrogenase  have  shown  a 
decrease  in  the  enhanced  activity,  in  the  presence  of 
1.5  x  10" 5  M  aflatoxin  Bi. 

It  may  be  concluded  that  anatoxins  inhibit  DNA 


replication  but  not  protein  synthesis  in  higher  plant 
tissues,  in  the  above  concentration  range.  To  make 
this  assumption  sure,  it  may  require  a  study,  in  more 
detail,  of  the  mechanism  of  increase  in  the  mito- 
chondrial number  in  sweet  potato  root  tissue  in 
response  to  injury. 

Mycotoxins  Produced  by  Living  Plant 
Tissues  Contaminated  by  Fungi 

In  this  section  attention  will  be  paid  to  the  other 
kind  of  mycotoxins;  i.e.  those  which  are  produced  by 
living  agricultural  commodities  when  contaminated 
by  fungi  {31).  As  one  example,  the  case  of  the  sweet 
potato — Ceratocystis  fimbriata  interaction  will  be  men- 
tioned. When  sweet  potato  roots  arc  attacked,  cither 
in  the  field  or  during  storage,  by  C.  fimbriata,  Tkielabi- 
opsis  basicola,  Fusarium  oxysporum,  or  Helicobasidium 
mompa,  bitter  substances  are  produced  in  infected 
tissue.  Hiura  (13)  isolated  the  main  component  and 
called  it  ipomeamaronc.  Later,  Kubota  and  Matsuura 
(20)  determined  the  chemical  structure  as  shown  in 
figure  5  and  further  isolated  ipomeanine,  batatic  acid, 
and  furan-0-carboxylic  acid  from  the  crude  oil. 

IPOMEAMARONE 

(Sweet  Potato) 

r^^ll:-CO-CH,CH^: 


IPOMEANINE 

(Sweet  Potato) 


CO-CHt-CH,-CO-CH, 


Figure  5 

Akazawa  (/)  found  more  than  10  kinds  of  terpene 
compounds,  including  ipomcamarone  and  ipomea- 
nine, by  using  silica-plate  chromatography.  The  ter- 
pene compounds  are  produced  both  after  fungal 
penetration  and  in  response  to  attack  by  insects  (3) 
and  treatment  with  toxic  chemicals  (33).  These  sub- 
stances are  thus  synthesized  by  the  sweet  potato  tissue 
itself.  They  accumulate  only  in  the  infected  region 
and  in  the  noninfected  tissue  very  close  to  the  infected 
area.  Moreover,  they  are  rarely  found  after  simple 
mechanical  injury. 
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Asian  people  eat  the  roots  of  the  sweet  potato  as 
either  a  staple  food  or  a  main  vegetable  and  feed 
them  to  cattle.  In  the  past  several  decades,  death  of 
cattle  was  sometimes  attributed  to  bad  lots  of  sweet 
potatoes.  The  main  cause  was  thought  to  be  the  ter- 
pene  compounds.  Ipomeamarone,  for  example,  is  a 
sesquiterpene  containing  a  furan  ring  and  is  probably 
synthesized  through  the  acetyl  CoA-mevalonate  path- 
way as  shown  by  radioisotope  experiments  (2,  16,  26). 
Such  compounds  inhibit  the  growth  of  C.  fimbriaia 
and  participate  in  the  defense  action  of  the  roots. 
Investigation  of  the  inhibitory  action  of  some  of  the 
fractions  elutcd  from  the  silica  gel  plate  after  chroma- 
tography of  the  crude  terpencs  shows  that  the 
ipomeanine-containing  fraction  had  the  highest  activ- 
ity, whereas  the  impomeamarone-containing  fraction 
had  the  lowest  activity,  although  all  fractions  showed 
antibiotic  properties.  Ipomeamarone  inhibited  the 
respiration  of  both  C.  fimbriaia  and  sweet  potato  and, 
according  to  the  results  obtained  with  rat  liver  mito- 
chondria, it  acted  at  some  site  between  the  TCA 
cycle  substrates  and  cytochrome  c  in  the  electron 
transport  system  (32). 

When  sweet  potato  roots  are  attacked  by  pathogens, 
some  coumarin  derivatives,  umbcllifcronc,  scopolc- 
tin,  esculetin,  scopolin  (scopoletin-7-j3-glucoside), 
and  skimmin  (unbelliferone-7-0-glucoside),  also  ac- 
cumulate in  almost  the  same  region  as  the  terpene 
compounds  {24).  Those  structures  are  shown  in  figure 
6.  They  may  also  take  part  in  the  defense  action 
against  fungus  penetration  and  may  be  harmful  to 
humans,  animals,  and  plants. 


HO 


Umbelliferone 


HO 


CH:jO 

Scopoletin 


Esculetin 
Figure  6 
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Caffeic  acid  and  its  derivatives,  such  as  chlorogcnic 
acid,  isochlorogcnic  acid  and  methyl  caffeate  are 
produced  in  the  noninfected  tissue  of  sweet  potato 
adjacent  to  the  infected  region  or  mechanically  injured 
tissue,  as  mentioned  above  (30,  31).  Those  structures 
are  indicated  in  figure  7.  They  probably  play  a  role 
in  the  defense  action  by  farming  a  physical  barrier, 
after  being  oxidized  by  polyphenol  oxidase  which 
increases  in  concentration  during  the  period  of  infec- 

PHENYLPROPANOIDS 
CAFFEIC  ACID 

HOx__ 
HO-<>-CH=CH-C00H 

\  M  / 

=R 

CHLOROGENIC  ACID 


•ISOCHLOROGENIC  ACID" 


METHYL  CAFFEATE  ROCH, 

Figure  7 


tion  or  injur)'.  According  to  some  experimental  results, 
these  compounds  seem  to  be  harmless  to  humans  and 
animals.  However,  their  physiological  effect  should 
be  reinvestigated  because  chlorogenic  acid  shows  anti- 
genicity, even  though  it  is  a  compound  of  low  molec- 
ular weight  (31).  According  to  the  data  of  Horigome 
and  Kandatsu  (14),  the  oxidation  products  resulting 
from  the  oxidation  of  j!>-coumaric  acid,  caffeic  acid, 
and  chlorogenic  acid  by  polyphenol  oxidase  decrease 
the  pepsin  digestibility  of  the  leaf  protein  from  red 
clover.  It  should  be  mentioned  that  other  abnormal 
substances  have  been  found  to  be  produced  by  several 
crops  in  response  to  fungal  infection. 
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Summary 

Metabolic  products  of  Fusarium  nivale  in  rice  grains, 
artificially  inoculated,  were  separated  by  column 
chromatography  on  kieselgel.  Fusarenon  and  ni- 
valenol,  both  toxic  metabolites  of  F.  nivale,  were  elutcd 
with  chloroform-methanol  (97:3)  and  the  same  system 
at  a  different  mixing  ratio  (5:1),  respectively.  The 
chemical  formulas  proposed  for  fusarenon  and  ni- 
valenol  are  C18H25O8N3  (as  fusarenon-semicarba- 
zone)  and  C15H20O7,  respectively.  These  substances 
appeared  to  be  a  kind  of  terpenoid.  Fusarenon  and 
nivalenol  showed  no  antimicrobial  activity  against 
any  species  of  bacteria,  fungi  or  yeasts  that  \vc  if 
examined.  Fusarenon,  at  a  low  concentration,  blocks 
completely  the  cell  division  of  synchronized  and  loga- 
rithmic phase  Telrahymena  piriformis  (ciliated  proto- 
zoon).  The  toxic  effect  was  suggested  to  be  inhibition 
of  the  protein  synthesis. 

Introduction 

Studies  on  toxic  metabolites  of  fungi  of  the  genus 
Fusarium  are  reviewed  by  Dr.  Tsunoda  (these  proceed- 
ings), who  reports  on  their  taxonomy.  We  isolated 
two  substances  from  rice  artificially  inoculated  with 
F.  nivale.  Toxic  metabolites  of  Fusarium  had  been 
studied  not  only  in  Japan,  but  also  in  other  countries. 
Recendy,  the  interesting  researches  of  toxic  substances 
of  Fusarium  species  was  published  by  Dawkins  (3), 
Gilgan  et  al.  {4)  and  Bamburg  et  al.  (/).  We  were 
especially  interested  in  the  reports  by  Yates  et  al.  (9), 
who  isolated  from  F.  nivale  8-(3-methyl-butyryloxy) 
diacetoxy-scirpenol,  which  had  also  been  isolated  from 
F.  tricinctum  by  Gilgan  and  Bamburg.  We  will  report 
the  procedures  for  purification  of  the  toxic  substances, 
some  physicochemical  properties  in  comparison  with 
those  of  Yates'  substances,  and  the  inhibitory  effect  of 
fusarenon  upon  the  cell  division  of  T.  piriformis. 

Methods  and  Results 

Purification  of  the  two  toxic  metabolites  of  F. 
nivale.— Inoculation  of  rice  with  F.  nivale.  Nincty- 

114 


eight  percent  polished  rice  was  washed,  soaked  in 
water  for  30  minutes  and  drained.  The  washed  rice 
was  dispensed  in  flat-bottomed  flask  of  450  ml.  ca- 
pacities to  two-thirds  full.  The  rice  in  the  flasks  was 
autoclaved  at  15  pounds  for  20  minutes  and  cooled 
in  the  air.  Spores  of  F.  nivale  harvested  on  Czapeck's 
agar  slants  were  introduced  into  the  flasks.  They  were 
shaken  well  and  incubated  at  25°  to  27°  C.  for  20 
days.  After  incubation,  the  rice  was  dried  in  hot  air 
at  45°  C.  and  ground  in  a  mechanical  grinder  to  pre- 
pare a  powdered  material. 

Isolation  and  purification  of  the  toxic  sub- 
stances.— Three  kg.  of  the  material  was  extracted 
with  acetone  in  a  Soxhlet's  continuous  extractor  for  8 
hours  as  shown  in  figure  1.  The  extract  and  the 
residue  were  separated.  The  residue  was  then  extract- 
ed with  50  percent  alcohol,  kept  standing  for  24 
hours  and  filtered  to  separate  the  extract  from  the 
residue. 

The  alcohol  extract  was  concentrated  under  nega- 
tive pressure  and  a  solid  material  of  150  g.  was  ob- 
tained. To  this  material  distilled  water  was  added  to 
make  an  emulsion,  which  was  extracted  with  n- 
butanol.  From  the  n-butanol  phase,  30  g.  of  crude 
toxic  substances  were  obtained. 

The  material  was  adsorbed  onto  a  column  of  kiesel- 
gel (Merck,  finer  than  0.08  mm.,  5x  100  cm.  ),  which 
was  elutcd  with  chloroform-methanol  (97:3)  at  a  flow 
rate  of  80  ml./hr.  at  room  temperature;  15  ml.  frac- 
tions were  collected. 

The  most  toxic  substances  were  eluted  in  tube 
numbers  198  to  206.  After  400  fractions  had  been 
taken,  the  column  was  eluted  with  chloroform- 
methanol  (5:1).  Another  toxic  substance  was  eluted 
in  fraction  numbers  528  to  560.  The  early  eluted 
toxic  substance  was  named  "fusarenon,"  the  late- 
eluted  one  "nivalenol."  The  increase  in  the  toxicity 
of  the  substances  as  purification  proceeded  is  shown 
in  the  right  column  of  figure  1.  The  intraperitoneal 
MLI)  of  the  50  percent  alcohol  extract  was  10  to  20 
mg. /mouse  (of  15  g.  weight);  that  of  the  n-butanol 
extract  was  2.5  mg./mouse;  the  intraperitoneal  LD50 
of  the  purified  fusarenon  was  3.5  mg./kg.  (mouse); 
that  of  the  purified  nivalenol  was  4.0  mg./kg.  (mouse). 
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Figure  2  shows  a  thin-layer  chromatogram  of  each 
fraction  separated  by  kicsclgcl  column  chromatog- 
raphy of  kieselgel  P.  Plates  of  0.25  mm.  thickness 
were  developed  with  chlorofortn-methanol  (97:3)  and 
stained  by  spraying  with  20  percent  H2SO4  and  by 
heating  the  plate.  Fusarenon  was  detected  in  fraction 
numbers  1 1  to  12  and  had  an  Rf  value  of  0.19.  These 
fractions  were  developed  with  cyclohexane-chloro- 
fonn-diethylamine  (5:4:1).  A  spot  with  an  Rf  value 
of  0.25  was  detected  in  the  fraction  number  251  as  in 
figure  3. 

Nivalenol  was  shown  to  give  a  spot  with  Rf  value 
of  0.45  (fig.  4,  fraction  No.  4)  when  developed  with 
chloroform-mcthanol  (5:1)  in  thin-layer  chromatog- 
raphy. Nivalenol,  a  metabolite  of  F.  nivale,  can  be 
isolated  by  adsorbing  onto  a  column  of  active  charcoal 
and  eluting  with  methanol. 


17  16  15  14  13  12  11  10  9    8    7    6   5   4    3    2  1 

Figure  2.  — Thin-layer  chromatogram  on  kieselgel-F  of  the 
fractions  separated  by  kieselgel  column  chromatography. 
Development  was  with  chloroform-methanol  (97:3). 
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Figure  1.— Outline  of  the  purification  procedure  of  fusare- 
non and  nivalenol. 


Fusarenon,  also  a  metabolite  of  F.  nivale,  can  be 
isolated  by  counter  current  distribution  with  ethyl- 
acetate-water.  The  toxic  action  of  these  substances  is 
reported  in  a  separate  report  by  Dr.  M.  Saito  (these 
proceedings). 

Physicochemical  properties  of  the  two  substances, 
fusarenon   and    nivalenol. — The  physicochemical 


Figure  3.— Thin-layer  chromatogram  on  kieselgel-F  of  the 
fraction  separated  by  kieselgel  column  chromatography. 
Development  was  with  cyclohexane-chloroform-diethyla- 
mine  (5:4:1). 


properties  of  the  two  toxic  compounds  and  of  Yates' 
compound  are  tabulated  in  table  1. 

Fusarenon. — The  colorless  oily  material  purified 
as  above  was  crystallized  repeatedly  in  ethylacetate- 
toltiene.  The  melting  point  of  this  crystalline  powder 
was  78°  to  80°  C.  When  it  was  subjected  to  kieselgel 
thin-layer  chromatography  with  toluene-ethylacetate 
as  the  developing  solvent,  sprayed  with  20  percent 
H2SO4.  and  followed  by  heating  the  plate,  a  single 
spot  of  purple  color  changing  into  yellowish  green 
with  an  Rf  value  of  0.35  was  obtained.  The  retention 
time  of  trimethylsilyl-fusarenon  in  gas  chromatog- 
raphy was  10.3  minutes  as  shown  in  figure  5  (2).  The 
MW  was  354  (mass  spectra).  The  UV  (ultraviolet) 
spectrum  in  ethylalcohol  showed  end  absorption  only. 
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Figure  4.— Thin  layer  chromatogram  developed  with  chloro- 
form-methanol  (5:1). 
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Figure  5.— Gas  chromatograms  of  nivalenol  and  fusarenon. 


The  IR  (infrared)  spectrum,  3570(s),  2960(m), 
1720(s),  1685(s),  1365(m),  1250(s),  1167(m),  1080(s), 
I040(s).  The  [a]%°  =  +29.6°  (in  EtOH). 

Fusarenon-semicarbazone. — As  described  before, 
it  was  difficult  to  obtain  fusarenon  in  the  crystalline 
state.  To  prove  the  homogeneity,  the  material  was 
developed  with  different  solvent  systems  and  subjected 
to  gas  chromatography.  In  these  tests,  the  material 
behaved  as  a  pure  substance. 

Fusarenon  is  combined  with  scmicarbazide  to  form 
a  semicarbazone.  The  semicarbazonc  crystals  are 
colorless  and  in  a  plate  form,  with  a  melting  point  of 
235°  to  236°  C.  (decomposing  point).  Analysis  found, 
C:51 .71  percent,  H:6.12  percent,  0:31.53  percent, 
N:  10.46  percent;  the  MW  was  411  (mass  spectra) 
calculated  to  c:52.56  percent,  H:6.08  percent,  0:31.14 
percent,  N:  10.22  percent.  The  molecular  formula 
was  estimated  to  be  C1SH25O8N3. 

The  UV  spectrum  in  ethyl  alcohol  showed  Xmax. 
268  m/i  and  the  IR  spectrum  3390(s),  2940(m),  1725, 
1665,  1570,  1240(s),  1150,  1080,  1030.  La]D3'  =  +147° 
(EtOH). 

Nivalenol. — The  crystals  from  methanol  had 
prisms  and  a  melting  point  of  222°  to  223°  C.  after 
drying  on  P2O5  at  80°  C.  under  reduced  pressure. 
The  Rf  value  on  kicselgel  thin-layer  chromatogram 
with  toluene-ethylacetate  (1:3)  as  a  solvent  system 
was  0.06.  The  spot  obtained  by  spraying  with  20 
percent  H2SO4  and  by  the  subsequent  heating 
changed  the  color  from  pink  to  violet  and  finally  to 
brown. 

The  retention  time  of  trimethylsilyl-nivalcnol  in 
gas  chromatography  was  determined.  As  shown  in 
figure  5  (/),  a  peak  with  8.3  minutes  was  demonstrated. 
Analysis  found,  C:56.29  percent,  H:6.01  percent, 
0:37.70  percent,  and  a  molecular  weight  of  312.31 
(mass  spectrometry),  yielding  a  calculated  composi- 
tion of,  C:57.68  percent,  H:6.46  percent,  0:35.86  per- 
cent. The  molecular  formula  was  estimated  to  be 
C15II20O7.  The  UV  spectrum  in  acetonitrile  showed 
X  max.  260  m/i.  The  IR  spectrum  showed  3400(s), 
3270(s),  2980(w),  2900(m),  2870(m),  2740(w), 
1680(m),  1610(w).  The  [a]D4°=  4-21.5°  (EtOH). 

8-(3-methylbutyryloxy)  diacetoxyscirpenol. — 
This  was  found  by  Gilgan  ct  al.  (4),  Bamburg  ct  al. 
(7)  in  F.  tricinctum.  Yates  et  al.  (9)  found  a  similar 
substance  in  F.  nivale  which  was  proved  to  be  identical 
to  8-(3-methylbutyryloxy)  diacetoxyscirpenol.  An  Rf 
value  of  0.25  was  obtained  in  thin-layer  chromatog- 
raphy with  a  solvent  system  of  toluene-ethylacetate 
(1:3).  When  sprayed  with  concentrated  H2SO4  and 
heated,  a  purple  spot  appeared.  The  melting  point 
was  151°  to  152°  C.  Analysis  found,  C:61.41  percent, 
11:7.29  percent,  0:31.29  percent.  The  molecular 
weight  was  466,  yielding  a  calculated  composition  of 
C:61.79  percent,  H:7.35  percent,  0:30.87  percent. 
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Substances 

Tests 

Nivalcnol 

8-(  3-Methylbutyryloxy ) 
Diacctoxyscirpenol 

Author 

Tsunoda  and  Morooka  (1968) 

Tatsuno(1968) 

Gilgan  et  al.  (1966) 
Bamburg  et  al.  (1968) 
j  aics  cv  at.  v  iwo^ 

Crystal  m.p. 

78°-80°  C. 

235°-236°  C. 
(decomp.) 

2220-223°  C. 

151°-I520  C. 

Rf  value  Toluene- 
Ff.Ar  ( 1  :3l 

III  At  \  M  'J  / 

0.35 

0.06 

0.25 

20  percent  H2SO« 
Color 

purple  -» 
yellowish-green 

pink  -* 

violet 

brown 

purple 

G.C.  Retention  time 

10.3  min. 

8.3  min. 

Anal,  found  Calcd. 

C       H       O  N 
51.71  6.12  31.53  10.46 
52.56  6.08  31.14  10.22 

C         H  O 
56.29     6.01  37.70 
57.68     6.46  35.86 

C         H  O 

fil  41        7  99       "\\  9Q 

61.79     7.35  30.87 

M.VV.  nun  spectra 
M.F. 

354 
CuHmC 

411 
C,»H„OsN3 

312 
CisHjoOt 

466 
C24H„0, 

U.V.  spectra 

end  absorpt. 

Xmax.  268  m/i 

Xmax.  260  mM 

I.R.  spectra  (cm-1) 

3570(s)  1250(») 
2960(m)  1167(m) 
1720(s)  1080(s) 
1685(a)  1040(s) 
1365(m) 

3390(s)  1240(s) 
29mm)  1150 
1725  1080 
1665  1030 
1570 

3400(s)  2870<m) 
3270(s)  2740(m) 
2980(w)  1680(m) 
2900(w)  1610(m) 

34O0(s)  1635(w) 
2940(s)  1365(s) 
!720(Vs)  1240(Vs) 

D 

[al24a  =  +29.6° 
D  (EtOH) 

[«]23°  =  +147.0' 
D  (EtOH) 

[a)24°  =  +21.5° 
D  (EtOH) 

[a]  24°  =  -50° 
D 

( cyclohexanc ) 
[a]26°  -  +15" 
D  (EtOH) 

The  molecular  formula  suggested  was  Ca-ir^Oe.  The 
UV  spectrum  showed  X  max.  187.5  m/i  (d9,300). 
The  IR  spectrum  showed  3400(s),  2940(s),  1635(w), 
1365(s),  1240(Vs).  The  [a]zD°=  -50°  (cyclohexane) 
and  the  [a]ft'=  +15°  (EtOH). 

The  foregoing  results  showed  that  fusarenon  and 
nivalenol  isolated  by  us  are  different  from  8-(3-methyl- 
butyryloxy)  diacetoxy-scirpenol  isolated  by  Gilgan  et 
al.  (*),  Bamburg  et  al.  (/)  and  Yates  et  al.  (9).  The 
physicochemical  properties  of  the  two  substances  indi- 
cated that  they  are  certain  kinds  of  sesquiterpenoid. 
The  chemical  structures  of  both  substances  will  be 
reported  in  the  subsequent  paper. 

Inhibitory  action  of  fusarenon  on  cell  division 
of  T.  pyrifonnis. — Fusarenon  at  a  fixed-concentration 
(1  mg./ml.)  was  tested  for  the  possible  antimicrobial 
activity  against  different  bacteria,  fungi  and  yeasts  as 


shown  in  table  2.  None  of  the  organisms  tested  were 
inhibited. 

The  effect  of  fusarenon  upon  exponentially  growing 
T.  piriformis,  a  ciliated  protozoon,  was  studied.  Differ- 
ent concentration,  1  Mg./ml.,  10Mg./ml.,  50Mg./ml., 
100  Mg./ml.  and  200Mg./ml.,  were  tested  periodically 
for  their  influence  upon  growth  of  the  organism.  As 
shown  in  figure  6,  fusarenon  at  50  to  100  Mg./ml. 
completely  inhibited  the  growth  of  T.  pyriformis. 

The  influence  of  fusarenon,  at  the  same  concentra- 
tions as  above,  upon  synchronous  division  of  T. 
pyriformis  was  examined.  As  shown  in  table  3,  at 
1  Mg-/ml.  it  delayed  slightly  the  recommencing  of  the 
multiplication  and  at  10  Mg  /nal.  the  effect  was  great. 
At  50  to  200  Mg-/ml.  it  completely  blocked  cell  multi- 
plication. At  200  Mg  /nd.,  spherical  dead  cells  ap- 
peared at  9  hours  after  the  addition  of  fusarenon. 

Delays  in  synchronous  division  of  T.  pyriformis  were 
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induced  by  treating  the  cells  with  fusarcnon  at  various 
stages  of  the  division  cycle.  As  seen  in  figure  7,  the 
delay  in  the  division  increased  gradually  during  the 
first  45  minutes  after  EHT,  followed  by  a  sharp  de- 
Table  2.-Antibiotic  activity  of  fusarenon  (1  mu./rnl.) 


MICROORGANISMS  TESTED 
Micrococcus  pyogenes  var.  aureus  209  pp. 
bacillus  subttlis  6  and  8. 

Pscudomonas  aeruginosa. 

Escherichia  coli  ML  1630,  KM  1630. 

Mycobacterium  8p.  607. 

Carulida  albicans. 

Trichophyton  mmtagropkyUs. 

Piricularia  oryzjse. 

Xanthomonas  oryzae. 


■a 
* 


1  X  1041   ■  

0  S  6  !)  12 


Hours 

Figure  6.— Effect  of  fusaronon  on  exponentially  growing 
Tetrahymena  cells. 


Table  3. -Effects  of  various  concentrations  of 


Midpoint  of 
the  first 

Occurrence     synchronous  Maximum 

Concentration           of              division  division 

of  fusarcnon      synchronous   (minutes  after  index 

(jig. /nig.)         division2          ETH)  (percent) 


0 

+ 

75 

80 

1 

+ 

110 

60 

10 

+ 

240 

40 

50 

100 

200 

■Fuaarenon  wu 

nin.  alter  the  end 

of  the  beat  I  realm 

ent. 

min.  after  to, 

>Ob«erv»Uon  wi 

s  continued  up  to  300 

>  end  of  the  heat 

crease  in  the  sensitivity.  After  the  transition-point 
(45  minutes)  up  to  the  synchronous  division,  the  addi- 
tion of  fusarenon  did  not  exert  a  harmful  influence 
upon  the  oncoming  division.  The  maximum  delay 


20  4  0  60  80  min.afterEHT. 


fusarrnon  wish'"* 
iOO/ig  ml 

Figure  7.— Delays  in  synchronous  division  induced  by  treat- 
ing cells  of  Tetrahymena  200  uQ./mg.  of  fusarenon  for  20 
min.  at  various  stages. 
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0  0.2  2  2  0  20  0  Wi/*! 

Concentration  of  fusarenon 

Figure  8. -Effects  of  fusarenon  on  incorporation  of  pre- 
cursors into  nucleic  acids  and  proteins. 
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was  observed  about  45  minutes  after  EHT,  in  other 
words,  about  30  minutes  before  a  midpoint  in  fission. 

The  influence  of  fusarcnon  on  DNA,  RNA  and 
protein  syntheses  was  studied  by  uptake  of  3H-uridine, 
3H-thymidine  and  3H-phenylalanine  by  T.  piriformis 
at  the  exponential  phase.  Protein  synthesis  was  most 
seriously  affected  by  the  fusarenon  treatment.  The 
phenylalanine  uptake  was  inhibited  with  fusarenon 
to  50  percent  at  a  concentration  of  2  jtg./ml.  The 
uptake  into  DNA  and  RNA  was  little  influenced  with 
fusarenon  at  2  /ig./ml.  At  a  higher  concentration  of 
fusarcnon  at  20  ng./ml,  the  uptake  of  thymidine  was 
inhibited  to  50  percent  and  at  200  (xg./m\.,  the  uptake 
of  uridine  was  inhibited  to  45  percent  (figure  8). 


References 

(/)  BAMBURG,  J.  R.,  N.  V.  RIGGS,  and  F.  M.  STRONG. 
1968.  The  structures  of  toxins  from  two  strains  of  Fusar- 
ium trilinctum.  Tetrahedron  24:  3329-3336. 

(2)  BRIAN,  P.  VV.,  A.  W.  DAVVK1NS,  J.  F.  GROVE,  H.  G. 
HEMMING,  D.  LOWE,  and  G.  L.  F.  NORRIS.  1961. 
Phytotoxic  compounds  produced  by  Fusarium  tquiseti.  J. 
Exp.  Bot.  12:  1-12. 


(J)  DAWKINS,  A.  \V.  1966.  Phytotoxic  compounds  produced 
by  Fusarium  equistti.  II.  The  chemistry  of  diacetoxys- 
cirpenol.  J.  Chcm.  Soc.  Series  C,  No.  1.  116-123. 

(4)  GILGAN,  M.  \V.,  E.  B.  SMALLEY,  and  F.  M.  STRONG. 

1966.  Isolation  and  partial  characterization  of  a  toxin 
from  Fusarium  tricinrfum  on  moldy  corn.  Arch.  Biochcm. 
Biophys.  114:  1-3. 

(5)  NAKANO,  N.  1968.  Inhibitory  effects  of  fusarenon  on 

multiplication  of  Ttttahymena  pyrijormis.  Japan  J.  Med. 
Sci.  Biol,  submitted  for  publication. 

(6)  TATS  UNO,  T.  1968.  Recherche  toxicologiquc  de  la  sub- 

stance mctabolique  dc  Fusarium  niealt.  Proc.  Symp. 
Carcinogenic  Natural  Substances.  UICC.  In  press. 

(7)  TSUNODA,  H.,  N.  TOYAZAKI,  N.  MOROOKA,  N. 

NAKANO,  H.  YOSHIYAMA,  K.  OKUBO,  and  M. 
ISODA,  1968.  Research  on  the  microorganisms  which 
deteriorate  the  stored  cereals  and  grain.  Detection  of 
injurious  strains  and  properties  of  their  toxic  substance 
of  scab  fusarium  blight  grown  on  the  wheat.  Rep.  Food 
Res.  Inst.,  Ministry  of  Agriculture  and  Forestry,  Tokyo 
23:  89-116. 

(8)  YATES,  S.  G.,  H.  L.  TOOKEY,  and  J.  J.  ELLIS.  1967. 

Toxic  butenolide  produced  by  Fusarium  nicaU  (Fries) 
Cesati  isolated  from  tall  fescue  (Festuca  arundinacca 
Schreb).  Tetrahedron  Ltrs.  7:  621 -625. 

(9)  YATES,  S.  C,  H.  L.  TOOKEY,  J.  J.  ELLIS,  and  H.  J. 

BURKHARDT.  1968.  Mycotoxins  produced  by  Fusarium 
nivalt  isolated  from  tall  fescue  (Frstuca  arundinacta  Schreb). 
Phytochcmistry  7:  139-146. 


Digitized  by  Google 


ISOLATION  OF  TOXIC  PRINCIPLES  FROM  THE  CULTURE 
FILTRATE  OF  FUSARIUM  N IV ALE 


by  Yoshio  Ueno,  Kazue  Saito,  and  Hiroshi  Tsunoda 
Microbial  Chemistry,  Faculty  of  Pharmaceutical  Sciences, 
Science  University  of  Tokyo,  and  The  Food  Research  Institute, 
the  Ministry  of  Agriculture  and  Forestry,  Tokyo 


Rice  infested  with  Fusarium  nivale  is  highly  toxic  to 
animals.  Nivalenol  and  fusarenon  can  be  isolated  from 
an  ethanol  extract  of  the  moldy  rice,  as  the  toxic 
principles  (/,  2). 

In  the  present  paper,  the  authors  aim  was  to  isolate 
these  mycotoxins  from  a  culture  filtrate  of  the  fungus. 
The  results  indicated  that  nivalenol  and  a  new  myco- 
toxin,  fusarenon-X,  were  obtained  from  the  peptone- 
supplemented  Czapek  medium. 

F.  nivale  Fn  2,  which  was  isolated  from  naturally 
infested  wheat,  was  cultured  at  27°  C.  on  Czapek 
medium  supplemented  with  10  g./l.  of  peptone.  After 
2  weeks  of  stationary  cultivation,  the  culture  filtrate 
was  mixed  with  10  g./I.  of  active  carbon.  Toxic  prin- 
ciples adsorbed  on  the  carbon  were  eluted  by 
methanol,  and  the  addition  of  five  volumes  of  chloro- 
form to  the  methanol  eluate  gave  a  crude  toxin. 
Column  chromatography  on  Kieselgel  with  chloro- 
Peptone-Czapek  medium,  27°  C,  2  weeks 


10  g/l 
^      eluted  with  i 
methanol  soluble  fraction 

added  with  5  vol.  of  chloroform 
precipitate  ejl  •>  supernatant  (crude  toxin) 


1st  Kieselgel  chromatography 

ch  lorofonm-m  ethanol 
(97:3-5:1) 


2nd 


i — i — i — i — i — i — r 
irj2D3rj4D5rj6D7rj8 

^  I— »  NIVALENOL 
chromatography 


(5:1) 

l  1 — I — l  1 — l  1 

lD2Cl3C]4Cl506rj7 

crystal,  FUSARENON-X 
1.— Fractionation  of  toxic  principles. 


form-methanol  (97:3  to  5:1)  yielded  two  toxic  frac- 
tions, numbers  3  and  5,  and  nivalenol  was  isolated 
from  number  5,  yielding  2  to  3  mg./l. 

Rcchromatography  of  fraction  number  3  on 
Kieselgel  with  chloroform-acetone  (5-1)  yielded  three 
toxic  fractions,  numbers  2,  3,  and  6.  A  toxic  principles 
was  crystallized  from  fraction  number  6  with  dichloro- 
methane-n-pentanc.  The  yield  was  approximately  20 
mg./l.  This  toxin  gave  nearly  the  same  Rf  as  fusarenon 
on  TLC,  but  it  differed  from  fusarenon  in  melting 
point  and  the  elemental  analysis.  Therefore,  the 
authors  named  it  fusarenon-X.  Chemical  fractionation 
is  schematically  represented  in  figure  1.  Chemical 
and  biological  characteristics  of  fusarenon-X  are 
summarized  in  table  1. 


Table 


rn.p.  91  "-92°  C. 

C  5.50,  H  54,  83,  O  39.67  (%) 

TLC  (Kieselgel  G):  Rf 

chloroform: methanol  (  5U)  0.89 

chloroform  :mcthanol  (97:3)  0.19 

ethylacctatc:toluene  ,  (  3M)  0.36 

Acute  toxicity  to  mice: 

LDjo    3.56  mg./kg.  (dd  S  8,  i.p.) 

Inhibition  of  protein  synthesis  in  rabbit  reticulocytes: 
ID»o    0.25  Mg./ml. 

Inhibition  of  protein  and  DNA  syntheses  in  Ehrlich 
tumor: 

ID40    0.5  xg./ml. 
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BIOSYNTHESIS  OF  AFLATOXINS 
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Summary 

Dcgradativc  studies  on  radioactive  aflatoxin-Bi  (1) 
prepared  in  precursor  studies  with  labeled  acetate 
[1-2UC  and  2-I4C]  and  with  methyl- uC-methionine 
are  described.  The  origin  of  13  of  the  17  carbon 
atoms  present  in  aflatoxin-Bi  (/)  was  determined  and 
a  hypothetical  scheme  for  the  biogenesis  of  the  afla- 
toxins  and  related  mold  metabolites  consonant  with 
the  determined  distribution  of  labels  is  proposed. 

The  biosynthetic  origin  of  the  anatoxins,  a  biologi- 
cally and  structurally  remarkable  group  of  metabolites 
produced  by  some  Aspergillus  species  (17,  25),  has 
been  the  subject  of  much  conflicting  speculation  {14, 
15,  19,  22)  and  several  precursor  incorporation  studies 
(/,  //).  An  early  incorporation  study  (/)  implicated 
phenylalanine  as  a  precursor  in  aflatoxin  biosynthesis 
by  cultures  of  A.  flavus.  A  more  recent  study  (7/)  has 
excluded  this  view,  and  put  forward  acetate  as  the 
probable  major  biosynthetic  contributor.  Since  the 
origin  in  nature  of  the  aflatoxins  is  not  obvious  from 
inspection  of  their  structures,  we  undertook  the  deter- 
mination of  the  distribution  of  labels  in  aflatoxin-Bi 
derived  from  methyl- 14C-methionine,  [1-14C]-  and 
(2-HC)-acetate. 

Materials  and  Methods 

Preparation  of  labeled  aflatoxins.— The  aflatoxins 
were  prepared  by  the  addition  of  methyl- uC-methio- 
nine,  [1-I4C]-  or  [2- HC] -acetate  (New  England  Nu- 
clear Corp.)  to  resting  cell  cultures  of  A.  flavus  ATTC 
15517  metabolizing  glucose  according  to  the  pro- 
cedure of  Mateles  et  al.  (//).  The  highly  active 
aflatoxin-Bi  was  purified  by  preparative  thin  layer 
chromatography  and  combined  with  inactive  material 
obtained  by  column  chromatography  (18)  to  afford 
large  quantities  of  labeled  aflatoxin-B  with  activities 
of  about  5  x  10*  disintegrations  per  minute  per  milli- 
mole. 

Analytical  methods.— All  degradation  products 
were  completely  characterized  by  comparison  with 
known  samples  or  by  standard  analytical  techniques. 
Acids  from  Kuhn-Roth  oxidations  were  purified  and 
measured  for  radioactivity  as  their  corresponding  p- 
bromophenacyl   esters    on    N(a-Naph  thy  1) -amides. 


Carbon  dioxide  was  collected  as  BaCOj.  All  samples 
for  radioactivity  deternunations  were  weighed  on  a 
microgram  balance.  Pure  reagent  grade  chemicals 
were  used  for  all  reactions  as  required. 

Radioactivity  measurements. — All  radioactivity- 
measurements  were  made  on  a  Packard  model  3375 
Liquid  Scintillation  Spectrometer.  Samples  of  CO2 
liberated  from  BaCOs  and  trapped  in  Hyamine  1 0-X 
solution  (Packard)  were  measured  in  20  cc.  of  scintil- 
lator solution  (3  g.  of  PPO  in  I  liter  of  toluene).  All 
other  samples  were  measured  in  Bruno  Solution  (6) 
(15  cc.  per  vial). 

Results 

Administration  of  methyl- uC-methionine  yielded 
radioactive  aflatoxin-B]  which  on  Zeisel  degradation 
gave  methyl  iodide  containing  97.8  percent  of  the 
total  radioactivity(2).  The  methyl  iodide  was  charac- 
terized and  counted  as  its  triethylamine  salt.  In  agree- 
ment with  this,  degradation  of  [1-14C]-  and  [2-l4C]- 
acetate  labeled  aflatoxin  yielded  triethylmethyl  am- 
monium iodide  containing  only  0.32  and  0.31  percent 
of  the  molar  activity,  respectively. 

Aflatoxin-Bi  prepared  from  [1-,4C]-  and  [2-14C]- 
acetate  was  degraded  using  the  three  sequences  out- 
lined in  schemes  I,  II,  and  III,  and  the  distribution 
of  radioactivity  found  is  summarized  in  tables  I,  II, 
III,  IV,  and  V. 

The  degradation  of  the  bisfuranoid  moiety  of  afla- 
toxin-B 1  was  carried  out  using  both  schemes  I  and  II 
and  the  distribution  of  radioactivity  for  l-HC-acetatc 
labeled  aflatoxin  is  presented  in  tables  1  and  II,  re- 
spectively. 


Table  l.-Distribution  of  labels  from  l-14C-acetate 
incorporation  as  determined  from  scheme  I 


Percent  of 

total  radio- 

Carbon atoms 

Estimated  as — 

activity 

C-14  to  C-16. 

. .  p-bromophenacylpropionate- 

12.01 

C-14  

CO,  

1.35 

C-15,  C-16 

.  p-bromophcnacylacctatc.  

11.21 

C-15  

CO,.._  _  

8.61 

C-16  

co2   

1.21 
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)A(CI3;CH2CI2 
pyridine 

J)  LiAlr^jthf 
ICH3I  ;  KgCO^aceton* 


CH3CH2C00H*CH3C00H 


C02  (C-14) 


Cr^NHg+CCfe  (C-15) 

I- 


C0?(C-I6) 


Scheme  I.— Degradation  of  the  bisfuranoid  moiety  of  afla- 
toxin-Bi  to  propionic  and  acetic  acid,  (a)  Kuhn-Roth  oxida- 
tion." (b)Schmidt  degradation.*  (c)  Oxidation  with  KMnO** 

The  distribution  of  labels  indicated  in  table  I  is 
not  delineated  as  sharply  as  in  the  later  degradative 
studies.  Since  this  particular  sample  of  labeled  ana- 
toxin was  not  employed  again,  we  are  uncertain  as  to 
whether  this  should  be  ascribed  to  partial  randomiza- 
tion of  the  labels  during  the  incorporation  or  to  some 
fault  of  the  degradation.  However,  the  labeling 
pattern  in  the  bisfuranoid  moiety  determined  for  the 
[l-uC]-acetate  incorporation  was  decisively  con- 
firmed by  degradation  of  aflatoxin-Bi  prepared  from 
[2-14C]-acetate,  via  scheme  II.  The  results  of  this 
degradation  are  given  in  table  III. 


-(?. 
I- 

1 


CHjCOOH*  CHjCH^OOH 

r 

CH3CH2NH24  (C-U) 


C02(C-ll) 


CHjCOOH 
b 


CHI3{C-I3) 


CH3NH2*  C°2<CH5) 
CO2  (C-16) 


Scheme  II.— Degradation  of  the  bisfuranoid  moiety  of  afla- 
toxin-Bt  to  2-methylbutanoic,  propionic,  and  acetic  acid. 
(aHc)  same  as  in  scheme  I.  (d)  Oxidation  with  KMn04.J 
(e)  Oxidation  with  NaOCI." 


Table  2.-Distribution  of  labels  from  l-'«C-acetate 
labeling  as  determined  by  scheme  II 


Carbon  atoms 

Estimated  as — 

Percent  of 
total  radio- 
activity 

C-U,  C-I3  to  C-16... 
C-ll  

N(a-naphthyl)-2- 
methylbutan  amide. . 

22.31 
.13 
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Table  3.— Distribution  of  labels  from  2-"C-acetate 
labeling  as  determined  from  scheme  II 


Table  4.— Labeling  pattern  in  aflatoxin-Bi  derived 
from  l-uC-acetat«  as  determined  by  scheme  III 


Percent  of 
total  radio- 
activity 


C-ll,C-l3toC-16.- 


C-ll  

C-13  

C-14  to  C-16. 


p-bromophenacyl-2- 
methy  ibu  tanoate. . 

COs  


C-14. 
C-15. 
C-16. 


CHI,  

p-bromophen  acy  1- 

propionate.  

CO,   

CO,  

CO,.   


43.26 
12.83 
.49 

28.61 
12.78 
.49 
12.72 


The  degradation  of  the  cyclopcntcnonc  moiety  of 
aflatoxin-Bi  is  described  in  scheme  III.  The  distribu- 
tion of  labels  obtained  from  the  degradation  of 
[1-14C]-  and  [2-HC]-acetate  derived  aflatoxin-Bi  by 
this  scheme  is  shown  in  tables  IV  and  V,  respectively. 


1)  LI4IH ;  •lh«r 

2)  H2iP4;Cjl^0H 
XCH^r,  KjCOjia  e«to«« 


COj  (C-7) 


-5.     ■>'  JL 


nuwtoacMjijjjH 

2)T«i 


♦ 


roe  ♦  C02  (C 


C02  ( 
COj  (C-8) 


erne  III. — Degradation  of  the  cyclopentenone  moiety 

of  aflatoxin-Bj.  (aHc)  same  as  in  scheme  l. 


Discussion 

The  origin  of  13  of  the  17  carbon  atoms  present  in 
aflatoxin-Bi  has  thus  been  determined  and  the  distri- 
bution of  labels  is  indicated  in  formula  10  (fig.  1). 

These  results  establish  specific  incorporation  and 
comparison  of  measured  and  calculated  radioactivities 
demand  the  presence  of  nine  labels  (theoretical  activ- 


Carbon  atoms 


Estimated 


Percent  of 
total  radio- 
activity 


C-l  to  C-7  p-bromophenacyl-cu-2- 

methylcyclopcn  tanoate  

C-7  CO,  

C-l,  C-2   p-bromophonacylacetate  

C-2  CO,..   

C-l  CO,  

C-l  to  C-6...  p-bromopbenacylcaproate  

C-6  CO,   

C-l  toC-5...  p-bromophcnacylvalerate  

C-5  CO,  

C-l  to  C-4  p-bromophcnacylbutyrate  

C-l  to  C-3...  p-bromophenacylpropionatc... 


43.84 
.14 

10.37;  11.05 
.21 
8.52 
44.48 
8.89 
32.57 
6.77 
18.57 
21.80 


Table  5.-Oistribution  of  labels  from  2-"C-acctate 
incorporation  as  determined  from  scheme  III 


Carbon 


Estimated  as- 


Percent  of 
total  radio- 
activity 


C-l  to  C-7...  p-brooiophenacyl-w-2- 

methylcyclopenianoatc   43.06 

C-7...   CO,    12.86 

C-l,  C-2   p-bromophcnacylacctatc   14.10 

C-2  CO,   12.62 

C-l  CO,   .35 

C-l  to  C-6...  p-bromophenacylcaproate   28.56 

C-6.  CO,  -    .26 

C-l  to  C-5...  p-bromophenacylvalerate   28.67 

C-5  CO,   35 

C-l  to  C-4...  p-bromophenacylbutyratc   28.47 

C-l  to  C-3..-  p-bromophcnacylpropionate...  14.28 


ity  11.1  percent  per  labeled  carbon  atom)  in  1-UC 
acetate  derived  aflatoxin-Bi.  If  it  is  assumed  that  the 
metabolite  originated  from  a  nonaacetyl  chain,  two 
methyl-derived  carbon  atoms  must  have  been  elimi- 
nated. Experimental  support  for  the  presence  of  seven 
labels  (theoretical  activity  14.3  percent  labeled  carbon 
atom)  in  radioactive  aflatoxin-Bi  prepared  from 
[2-14C]-acetate  was  secured  again  by  comparison  of 
the  measured  and  calculated  radioactivities  of  the 
degradation  products. 

The  resulting  distribution  of  labels  portrayed  in 
formula  10  is  not  in  accord  with  that  of  others  (14, 
19,  22)  or  implied  in  Holker  and  Underwood  (15),  a 
number  of  previously  proposed  biosynthetic  schemes. 
We  wish  to  proptjse  a  new  hypothesis  for  the  bio- 
genesis of  the  anatoxins  and  related  mold  metabolites 
which  is  consonant  with  the  experimental  evidence 
now  in  hand. 

It  is  assumed  that  the  postulated  nonaacetyl  chain 
is  cyclized  to  give  a  polyhydroxynapthacene  11  which 
is  oxidized  to  the  endoperoxyanthraquinone  12  which 
in  turn  rearranges  via  the  diradical  13  to  the  aldehyde 
14  (sec  fig.  2).  A  further  isomerization,  similar  to  the 
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CH^COOH 

CH3SCH2CH2CH(NH2)C00H 

Figure  1.— Distribution  of  labels  in  aflatoxin-Bi  derived  from 
(l-i«C]-,r2-"Cl-ae«tat«  and  in«thy|."Cmethionln«. 

one  encountered  in  the  in  vitro  synthesis  of  aflatoxin-Bi 
(7),  leads  to  versicolorin  A  (15,  R  =  OH)  (13)  and  to 
aversin  (15,  R  =  OGHs)  (8).  The  two  metabolites  15 
and  16  may  also  arise  from  the  isomeric  polyhydroxy- 
benzanthracene  by  an  entirely  analogous  sequence 
leading  to  the  same  distribution  of  labels.  The  rear- 
rangement of  the  endopcroxidc  12  to  the  pyran  14 
seems  to  be  without  chemical  precedent,  yet  it  does 
provide  an  exceedingly  economical  and  mechanisti- 
cally not  unreasonable  pathway  to  the  bisfuran 
moieties  of  metabolites  elaborated  by  the  genus  Asper- 
gillus. The  employment  of  the  diradical  intermediaty 
13  is  not  intended  to  rule  out  the  possible  intermediace 
of  related  ionic  mechanistic  pathways  leading  to  the 
aldehyde  14. 

It  has  previously  been  postulated  (22)  that  the 
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J&  R=OMt 

Figure  2. — Proposed  biosynthetic  scheme  for  conversion 
of  the  acetate  derived  polyhydroxynapthacene  (11)  to  versi- 
colorin A  (15)  and  aversin  (16). 

difuroxanthone,  sterigmatocystin  (18)  (9)  is  derived 
from  an  anthraquinonc  by  oxidative  ring  cleavage 
(dotted  lines  in  15).  Experimental  evidence  in  favor 
of  such  a  cleavage  has  recently  been  secured  for  the 
biosynthesis  of  ergochromes  (12).  This  cleavage  results 
in  the  loss  of  an  acetate  methyl  derived  carbon  atom. 

The  structural  similarity  between  sterigmatocystin 
(18)  and  aflatoxin-Bi  (20)  as  well  as  the  coexistence 
of  O-methylsterigmatocystin  (19)  (10)  and  anatoxins 
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in  A.flavus,  has  led  to  the  postulate  that  a  difuroxan- 
thone  is  an  intermediate  in  the  biosynthesis  of  the 
anatoxins.  Two  detailed  schemes  were  presented  (15, 
22)  but  only  one  (22)  involving  oxidative  ring  cleavage 
(dotted  line  in  18),  recyclization  followed  by  expulsion 
of  an  acetate  methyl  derived  carbon  atom,  leads  to  the 
distribution  of  labels  in  the  cyclopentenone  moiety  as 
demanded  by  our.  experimental  findings  (fig.  3). 

Since  the  only  experimental  evidence  available 
(15)  is  against  sterigmatocystin  (18)  being  a  precursor 
of  aflatoxin-Bj  (20)  in  A.flavus,  one  should  not  over- 
look the  possibility  that  the  anatoxins  could  originate 
from  a  trihydroxybenzanthracene  21  isomeric  with  17 
by  the  route  21  22  ->  23  24  ->  20  (fig.  4).  Wc 
consider  this  route  to  be  less  attractive,  however,  in 
view  of  the  great  preponderance  of  napthacene  as 
versus  benzanthracene  derivatives  elaborated  in 
Nature,  tetracycline  biosynthesis,  and  finally  the  fact 
that  the  cometabolites  aflatoxin-Bi  and  O-methyl- 
sterigmatocystin  can  be  derived  from  a  common 
hydroxynapthacene,  but  not  from  the  same  hydroxy- 
benz anthracene. 


■  • 

CH3COOH 

A 

CH3  SCH2CH2CH(NH2  )CO0H 

Figure  3.— Postulated  biosynthetlc  conversion  of  sterlg- 
matocyttln  (18)  to  -fl.toxIn-B,  (20). 

Aflatoxin-Mi(76)  (25)  and  aspertoxin  (20,  23)  (26) 
(hydroxy-O-methylsterigmatocystin)  (fig.  5)  are  al- 
most certainly  derived  from  aflatoxin-Bi  (20)  and 
O-methylsterigmatocystin  (19),  respectively,  rather 
than  vice  versa  because  the  additional  hydroxyl 
group  present  in  the  bisfuran  portion  of  these  metab- 
olites is  attached  to  an  acetate  methyl  group.  Finally, 
aflatoxin-Gi  (27),  as  compared  to  aflatoxin-Bi,  exhib- 


Figure  4.— An  alternative  biosynthetic  scheme  for  afla- 
toxin-Bi  originating  from  the  acetate  derived  poly  hydroxy 
benzanthracene  (21)  isomeric  with  11. 

its  further  branching  of  the  carbon  skeleton  of  the 
cyclopentenone  moiety  and  so  is  almost  certainly 
derived  from  aflatoxin-Bi,  perhaps  by  a  base  catalyzed 
Baeyer-Villiger  type  oxidation. 
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A  NEW  MYCOTOXIN  PRODUCED  BY  ASPERGILLUS  CLAVATUS 


by  Hirova  Tanabe  and  Takashi  Suzuki  * 
National  Institute  of  Hygienic  Sciences,  Setagaya,  Tokyo 


Summary 

Many  kinds  of  fungal  strains  were  isolated  from 
rice  grains,  beans,  wheat  flour,  and  other  foodstuffs 
during  investigations  on  toxic  fungi  and  mycotoxins 
contained  in  Japanese  foods. 

During  these  investigations,  culture  broth  of  a  strain 
of  toxic  Aspergillus  clavatus,  isolated  from  wheat  flour, 
was  studied  for  the  isolation  and  identification  of 
patulin.  The  broth  was  treated  with  activated  char- 
coal, absorbed  patulin  extracted  with  moistened  ace- 
tone, the  extract  concentrated  under  suction,  and 
applied  to  column-chromatography  purification.  Dur- 
ing this  process  a  new  toxic  compound  was  isolated 
in  a  slightly  more  polar  fraction  than  that  containing 
patulin.  The  infrared  ultra-violet  and  nuclear  mag- 
netic resanance  spectrographic  studies  carried  out  on 
this  compound,  C7H8O4,  m.p.  64°  C,  finally  demon- 
strated it  to  be  identical  with  NaBH.i-rcduction  prod- 
uct of  patulin  showing  that  the  structure  of  the 
compound  was  as  follows: 

0  CO 

rV 

CH20H  CHtOH 

The  compound  was  named  ascladtol  and  it  was 
found  to  be  one-fourth  as  toxic  as  patulin. 

Introduction 

Extensive  investigation  of  mycotoxin-producing 
fungi  on  and  in  Japanese  foods  has  been  carried  on 
in  the  Laboratory  of  Mycology,  in  cooperation  with 
the  Laboratory  of  Food  Chemistry  of  the  National 
Institute  of  Hygienic  Sciences,  Japan  (/). 

To  date  more  than  500  samples  of  various  kinds  of 
foods  such  as  flour,  rice,  beans,  and  others  have  been 
investigated  and  about  1,500  strains  have  been  iso- 
lated. Two  strains  of  A.  flavus  proved  to  produce 
aflatoxins.  This  was  the  first  finding  of  this  kind  of 

•K«d  bT  K.  Ku»u. 


fungus  in  Japan.  Among  the  isolates,  liquid  cultures 
or  methanol  extracts  from  solid  cultures  of  1 70  strains 
were  investigated  by  bioassay  for  toxicity,  and  31 
strains  were  found  to  be  of  considerable  toxicity  for 
mice. 

One  strain  of  .-1.  clavatus  (WF-38-11)  isolated  from 
wheat  flour  was  among  these  toxic  strains.  A.  clavalui 
has  been  known  to  produce  patulin,  a  strongly  toxic 
metabolite.  In  order  to  identify  patulin  in  the  culture, 
its  isolation  was  carried  out  by  the  general  procedure; 
i.e.  absorption  of  the  toxin  by  activated  charcoal,  its 
clution  by  moistened  acetone  and  its  purification  by 
column  chromatography. 

During  this  purification,  a  new  toxic  crystalline 
compound  was  obtained  in  slightly  more  polar  fraction 
than  that  of  patulin.  Acute  toxicity  of  this  compound 
was  about  one-fourth  times  as  strong  as  patulin.  The 
new  toxin  was  named  ascladiol. 

Isolation  of  ascladiol.— Liquid  culture  (5:1)  of  .1. 
clavatus  isolated  from  wheat  flour  was  filtered  and 
the  filtrate  obtained  was  shaken  with  activated  char- 
coal (50  g.)  overnight.  The  charcoal  was  centrifuged, 
washed  with  water  and  then  extracted  with  several 
portions  (each  200  ml.)  of  a  mixture  of  acetone  and 
water  (4:1)  to  elute  the  adsorbed  patulin. 

The  extracts  were  combined  and  concentrated 
under  vacuum  down  to  about  200  ml.  The  residual 
water  solution  was  subjected  to  continuous  extraction 
with  ether  in  an  automatic  extractor.  The  ether  ex- 
tract was  evaporated  and  the  residue  obtained  was 
mixed  with  silica  gel  (5  g.)  and  applied  to  a  silica  gel 
(30  g.)  column  for  chromatography.  Elution  was  car- 
ried out  with  three  portions  of  a  mixture  of  chloroform 
and  acetone  (50:1),  yielding  fraction  1,  300  ml.;  frac- 
tion 2,  300  ml.;  and  fraction  3,  400  ml.;  and  then 
elutcd  with  three  portions  of  another  mixture  of 
chloroform  and  acetone  (50:2),  yielding  fraction  4, 
300  ml.;  fraction  5,  400  ml.,  and  fraction  6,  1,500  ml. 

Fractions  1  and  2  contained  250  mg.  of  oily  mate- 
rial which  has  been  under  investigation.  Fractions  3 
and  4  contained  363  mg.  of  a  crystalline  substance 
which  proved  to  be  patulin  by  IR  spectrograph)', 
thin-layer  chromatography  and  m.p.  depression  test 
on  admixture  with  an  authentic  sample. 

From  the  last  fraction,  when  concentrated  and 
treated  with  methanol  and  chloroform,  a  very  hygro- 
scopic crystalline  compound  was  obtained.  This  was 
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purified  by  dissolving  it  in  a  small  amount  of  metha- 
nol, followed  by  the  addition  of  chloroform,  until  the 
solution  became  turbid,  and  then  being  allowed  to 
stand  over  night  in  a  refrigerator. 

Chemical  structure  of  ascladiol. — The  crystalline 
substance,  m.p.  65"  to  66°  C,  CzHsOi,  was  subjected 
to  physical  and  chemical  tests  to  elucidate  its  chemical 
structure. 

The  absorption  bands  at  both  of  1,735  cm.-1  and 
1,750  cm.-1,  and  3,300  cm."1  in  the  IR  spectrum 
(KBr  tab.)  of  the  compound  indicated  the  presence 
of  a  5-membered  lacton  ring  and  associated  hydroxyl 
groups  in  the  molecule.  The  UV  spectrum,  measured 
in  ethanol,  showed  maximum  absorption  at  271  mu 
while  that  of  patulin  is  at  277  m>i.  This  shift  of  6  mn 
toward  a  short  wave  length  seemed  to  hint  the  lack 
of  one  cxo-doublc  bond  in  the  new  compound  in 
comparison  with  patulin. 

The  NMR  spectrum  showed  absorption  at  6.29 
p. p.m.  (quartet)  and  5.87  p.p.m.  (multiplet),  each 
indicating  the  presence  of  different  one  vinyl  protons. 
Broad  singlet  absorption  was  also  observed  at  4.74 
p.p.m.,  indicating  the  presence  of  four  protons.  Since 
two  of  these  protons  disappeared  by  addition  of  DaO 
into  sample  solution,  it  seemed  that  two  hydroxy 
protons  and  two  methylene  protons  overlapped  each 
other. 

Two  other  methylene  protons  were  observed  at 
4.30  p.p.m.  This  compound  seemed  not  to  have  alde- 
hyde or  ketone  groups  in  the  molecule,  since  it  did 
not  react  with  2,4-dinitrophenythydrazine. 

According  to  the  above  data,  the  chemical  structure 
of  the  new  compound  was  presumed  to  be  as  follows: 


0  CO 


CHjOH  CH40H 

Finally,  the  structure  was  confirmed  by  the  com- 
parison of  physical  data  with  an  authentic  sample 
synthesized  from  patulin  by  reducing  it  in  ethanol 
with  NaBH4  under  very  mild  conditions  0°  to  2°  G. 
for  1 0  minutes. 
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Summary 

Isolation  and  purification  of  the  toxins  produced 
by  a  toxic  strain  of  Penicillium  roqueforti  was  studied. 
The  production  of  toxic  substances  by  this  strain  was 
observed  when  it  was  cultured  using  Czapek's 
medium,  grown  at  25°  C.  in  stationary  culture.  The 
optimum  culture  age  was  about  3  weeks.  Koji  extract 
media  were  found  useless  for  the  production  of  toxins. 
The  culture  filtrate  was  extracted  with  charcoal, 
which  was  collected  by  ccntrifugation.  The  charcoal 
was  extracted  using  methanol  and  the  solvent  layer 
was  concentrated  and  acidified.  The  concentrate  could 
be  further  extracted  with  acetonitrile.  Although  the 
dried  material  of  this  fraction  was  observed  to  kill 
mice,  it  was  found  to  be  impure.  Silicic  acid  column 
chromatography  was  performed  to  obtain  three  kinds 
of  toxic  fractions.  Toxin  1  was  easily  crystallized.  Its 
toxicity  was  rather  weak.  Partial  characterization  of 
this  crystal  was  made.  Toxin  2  was  a  brownish  oil. 
All  the  mice  tested  were  killed  by  this  fraction.  Gross 
liver  damage  and  hemmorrhage  in  the  alimentary 
tract  were  observed.  Toxin  3  was  the  weakest  in 
toxicity  among  the  three  fractions.  The  mycelia 
proved  to  have  no  toxicity. 

Introduction 

Among  the  molds  which  can  be  isolated  from  ensi- 
lage, P.  roqueforti  is  one  of  the  most  commonly  found 
(2,  3).  A  toxicosis  caused  by  this  mold  was  reported  in 
1 956.  Sudden  death  of  cattle  in  Kobe  was  attributed 
to  the  ensilage  from  which  strains  of  P.  roqueforti  had 
been  isolated.  The  mycelium  of  one  of  the  strains  of 
this  species,  obtained  from  the  liquid  culture,  proved 
to  kill  all  the  mice  tested  (4). 

The  MR  212-2  strain  of  P.  roqueforti,  which  had 
been  isolated  from  a  milled-rice  sample  by  Dr.  Kurata 
and  his  coworkers,  was  found  toxic.  However  the 
toxicity  was  not  as  severe  as  that  of  P.  islandicum,  P. 
expansum,  and  Aspergillus  clavatus  which  were  obtained 
from  the  same  origin  (7). 

Although  it  did  not  always  follow  that  all  of  P. 
roqueforti  strains  were  toxic  it  was  of  great  interest  to 
elucidate  the  situation  since  this  is  an  essential  fungus 
used  in  the  manufacture  of  "roquefort  cheese"  and  is 


one  of  the  strains  that  can  be  isolated  frequently  from 
foods. 

The  author  has  attempted  to  isolate  and  elucidate 
the  nature  of  the  toxins  produced  by  this  strain. 

Materials  and  Methods 

Detection  of  toxins. — The  toxicity  of  the  fractions, 
obtained  during  the  course  of  purification  of  the  toxic 
substances,  was  tested  by  intraperitoneal  injection  of  a 
solution  of  each  fraction  in  propylene  glycol.  Male, 
strain  dd  mice,  weighing  15  to  18  g.  were  used  as  test 
animals.  Toxicity  was  determined  by  mortality,  loss 
of  body  weight  for  4  days  after  injection  and  the 
gross  pathological  findings  of  the  tested  animals. 

Mold  culture.— Czapek's  medium,  containing  50  g. 
of  sucrose  per  liter,  was  used  for  the  mold  culture.  It 
was  grown  at  25°  C.  in  stationary  culture.  Optimum 
cultural  age  for  toxin  production  was  approximately 
3  weeks. 

The  yield  of  toxins  was  thought  to  be  proportional 
to  the  mycelial  growth,  and  a  good  mycelial  growth 
depended  upon  the  pH  of  the  medium.  About  10  g. 
of  mycelial  growth  resulted  when  the  final  pH  was 
about  4.0,  but  when  the  pH  became  higher  than  4.5, 
the  yield  decreased  rapidly.  Production  of  toxic  sub- 
stances was  restricted  to  the  culture  using  Czapek's 
medium.  Koji  extract  media  were  found  useless  for 
the  production  of  toxin  under  any  cultural  conditions. 
It  would  be  interesting  to  find  the  conditions  necessary 
for  optimal  toxin  production. 

The  mycelia  of  this  strain  showed  no  toxicity.  This 
differed  from  previous  reports.  And  it  was  suggested 
that  there  might  be  some  kinds  of  toxins  which  P. 
roqueforti  can  produce,  one  kind  being  water  soluble 
and  the  other  insoluble. 

Extraction  of  toxins. — The  culture  filtrate  was 
treated  with  1  percent  of  active  charcoal.  After  cen- 
trifugation  the  charcoal  was  collected  and  treated 
with  methanol  to  elute  the  toxins.  The  methanol  layer 
was  concentrated  in  vacuo  to  yield  a  brownish  oil. 
Two  of  five  mice  were  killed  by  this  fraction  within 
several  hours  after  injection  of  0.2  ml.  (fig.  1).  The 
yield  of  this  fraction  was  about  12  g./l.  of  broth  when 
the  growth  of  mold  was  heavy. 

Trials  to  increase  the  toxicity  of  this  fraction  made 
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it  clear  that  an  acetonitrile  extraction  of  the  oil,  dis- 
solved in  a  few  milliliters  of  N/1  HC1  was  very  effec- 
tive. The  concentrate  of  the  resultant  fraction  killed 
all  the  mice  tested.  Thin-layer  chromatography 
(TLC)  of  this  extract  revealed  that  this  fraction  was 
not  yet  pure.  Subsequently  silicic  acid  column 
chromatography  was  performed,  which  yielded  three 
fractions,  all  of  which  were  toxic  to  mice. 

Toxin- 1  was  obtained  from  the  eluate,  which  re- 
sulted from  percolation  of  two  parts  of  methanol  and 

Czapek  liquid  medium  culture 

+  


Mycelium 

Soxhlet  extraction 


2. 
3. 


n-hexane  layer  (NT)* 
chloroform  layer  (NT) 
(NT) 


1 


Culture  filtrate 

Darco  Q-60  adsorption 

 1 

residue  (NT) 

desorption  by  methanol 
(2/5  mice  dead) 

concentrated  and  acidified 
using  I  N-hydrochloric  acid, 
followed  by 
extraction 
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Figure  1. -Scheme  of  extraction  of  the  toxic  metabolites  of 
PanMlllum  roqueforti  MR  212-2. 


98  parts  of  chloroform;  and  toxin-2  from  five  parts  of 
methanol  and  95  parts  of  chloroform;  and  toxin-3 
was  from  methanol. 

Toxin- 1  was  easily  crystallized.  Its  toxicity  was 
rather  weak.  Intraperitoneal  injection  of  20  mg.  of 
this  crude  substance  per  mouse  caused  decrement  of 
body  weight  but  was  not  lethal.  The  yield  was  about 
150  mg./20  1.  of  broth  when  the  culture  was  well 
formed.  Toxin-2  was  a  brownish  oil.  All  the  mice 
tested  were  killed  by  injection  of  0.2  ml.  of  this  frac- 
tion. At  autopsy  gross  damage  in  liver  and  hemor- 
rhage in  alimentary  tracts  were  observed.  Toxin-3 
was  the  weakest  in  toxicity. 

Elucidation  of  physical  properties  of  toxin  1. — 
From  the  crude  preparation  of  toxin- 1,  a  tetragonal 
crystal  was  obtained,  once  from  methanol-ether  and 
then  twice  from  mcthanol-chloroform.  The  vacuum 
dried  (1  mm.  Hg.  at  room  temperature)  material 
melted  at  86°  to  87°  C.  Toxin- 1  was  soluble  in  water, 
methanol,  acetone  and  pyridine;  slightly  soluble  in 
chloroform  and  insoluble  in  ether  and  n-hexane. 

This  chromatographed  as  a  single  spot  on  Kieselgcl 
G  (E.  Merck  AG  Darmstadt)  TLC  plate.  RF  values 
were  0.50  and  0.60,  respectively,  when  methanol- 
chloroform  (1:3)  and  acetone-chloroform  (1:5)  were 
used  as  developer.  The  spot  did  not  fluoresce  in  ultra- 
violet light.  The  color  developed,  when  the  TLC 
plate  was  sprayed  with  cesium  sulfate  solution  and 
heated  in  an  oven  at  180°  C,  was  white  at  first  and 
then  became  gray. 

Elemental  analysis  showed  that  it  contained  40.57 
percent  of  C,  5.86  percent  of  H.  Nitrogen  was  not 
detected.  Possible  formulae  from  such  analytical  data 
were  either  C7Hn07  (for  C:40.60  percent,  H:5.36 
percent)  or  C7H12O7  (C:40.31  percent,  H:5.81  per- 
cent). 

The  mass  spectrum  of  the  crystal  (using  JEOL- 
OIS  model,  double  focusing  mass  spectrometer,  ioniz- 
ing energy:  75  eV,  accelerating  voltage  7  kV,  and 
sample  temperature  90°  C.)  indicated  a  millimass 
number  189.0361  as  the  parent  peak  of  toxin- 1.  The 
possible  molecular  formula  which  corresponded  to 
the  millimass  was  only  C7H9OC  (Anal.  Calcd.  for 
189.0396)  since  nitrogen  was  not  included  in  the 
compound. 

A  solution  of  2.6  mg.  of  the  crystalline  toxin  in  10 
ml.  of  ethanol  was  transparent  to  ultraviolet  light  of 
wavelength  longer  than  220  mji. 

Figure  2-a  shows  the  infrared  spectrum  of  toxin- 1. 
It  did  not  yield  the  characteristic  peaks  of  an  aromatic 
compound.  Absorptions  at  3,400,  1,365  and  1,150 
cm-1  suggest  the  existence  of  hydroxyl  function, 
presumably  secondary  or  tertiary  alcohol.  Methyla- 
tion  procedure  by  diazomethane  caused  a  shortening 
of  the  absorptions  at  3,400  and  1,150  and  the  peak  at 
1,365  almost  disappeared  (fig.  2-b). 
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Figure  2. — Infrared  spectra  of  toxin  1  and  its  methyl  deriva- 
live  (a)  toxin  1,  (b)  methylated  Toxin  1.  KBr  disc 


Increment  of  7CH  at  2,870  by  methylation  was 
also  apparent.  An  abnormal  spectral  pattern  from 
1,900  to  3,000  cm"1  depends  upon  stretching  vibra- 
tion of  intramolecular  association  of  hydroxyl  and 
carbonyl  groups.  Methylation  of  hydroxyl  function 
stops  such  association  and  causes  the  disappearance 
of  these  peaks. 

Gas  chromatography  of  toxin- 1  has  not  been 
successful  even  when  a  highly  polar  column  was 
utilized,  but  the  methyl  derivative  was  easily 
chromatographed,  using  nonpolar  stationary  phases 
such  as  SE— 30  and  OV— 17.  According  to  the  gas 
chromatogram  (fig.  3)  a  minor  peak  leads  the  major; 
presumably  the  minor  peak  corresponds  to  the  fully 
methylated  derivative  and  the  major  peak  to  a 
partially  methylated  derivative. 

The  millimass  number  of  methylated  toxin- 1  was 
235.0804  which  denoted  C9H15O7  (Anal.  Calcd.  for 
235.0817). 

The  absorptions  of  toxin- 1  at  1,730,  1,215,  and 
1,150  cm"1  indicates  that  this  substance  contains  an 
ester  or  lactone  structure. 

Figure  4  shows  the  NMR  spectrum  of  a  dcutero- 
chloroform  solution  of  toxin- 1.  The  signal  at  4,  7t 
depends  upon  hydroxyl  function,  and  its  t  value  is 
easily  varied  by  raising  the  temperature. 

Discussion 

It  is  very  strange  that  the  mass  number  of  the 
parent  peak  of  toxin- 1  is  odd,  as  it  neither  contains 
nitrogen  nor  does  it  have  a  spectrum  characteristic  of 
a  compound  which  gives  an  odd  mass  number. 

The  difference  between  the  data  of  elemental 
analysis  and  mass  spectrometry  is  H2O  or  H3O.  There 
are  some  examples  of  such  differences,  for  instance  in 
the  case  of  polyalcohol,  where,  as  the  result  of  being 


Figure  3.— Gas  chromatogram  of  methylated  toxin  1.  Gas 

chromatographic  condition: 
Column:  SE-30,  5  percent  on  Chromosorb  G  (HMDS 

treated)  4  mm.  x  1.8  m.  glass  column,  170"  C. 
Infection  port  180*  C. 
Detector:  200*  C. 
Carrier  Nitrogen  50  ml./min. 

deprived  of  II2O  in  the  ionizing  chamber,  a  parent 
peak  18  less  than  the  native  mass  number  was  ob- 
served. Toxin- 1  may  be  such  a  case.  Another  explana- 
tion for  the  lack  of  one  proton  could  be  that  it  was 
due  to  the  discharging  of  one  hydrogen  radical,  al- 
though such  a  case  is  very  rare.  Further  studies  on 
this  subject  must  be  made.  Methylated  toxin- 1  also 
has  an  odd  number,  235,  and  if  the  phenomenon  of 
discharging  of  one  hydrogen  radical  is  applied,  the 
difference  between  the  elemental  composition  of 
toxin- 1  and  its  methylated  derivative  is  C2H4  which 
means  two  hydroxyls  are  methylated. 
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Flgure  4.-NMR  spectrum  of  toxin  1  (COCls  solution). 

The  NMR  spectrum  indicated  that  there  was  no 
methyl  function  neighboring  to  carbon  atom,  and 
from  the  point  of  view  of  its  molecular  formula  a 


lactone  configuration  is  preferable  as  its  structure. 
The  absorption  at  1,730  suggests  that  it  is  a  i-lactone. 
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Summary 

This  report  describes  the  chemical  characterization 
of  two  kinds  of  new  fluorescent  pyrazine  compounds 
which  were  isolated  from  cultures  of  seed  mold  widely 
used  in  the  Japanese  fermentation  industry.  Six  new 
nonfluorescent  pyrazine  compounds  were  also  isolated 
from  the  same  culture  and  the  structures  of  five  were 
determined,  including  aspergillic  acid  and  hydroxy- 
aspergillic  acid.  Nontoxicity  of  fluorescent  pyrazine 
compounds  and  some  toxicity  of  the  nonfluorescent 
compounds  was  established  by  intraperitoneal  injec- 
tion into  mice. 


Introduction 

Some  investigators  (/,  2,  3)  have  reported  the  exist- 
ence of  fluorescent  compounds,  produced  by  molds, 


whose  Rf  values  in  chromatography  resemble  those 
of  anatoxins.  We  did  not  find  aflatoxin  producing 
strains  among  the  seed  molds  that  are  widely  used  in 
the  Japanese  fermentation  food  industries.  Instead, 
we  frequently  found  fluorescent  metabolites  of  molds, 
tlie  Rf  values  and  fluorescence  of  which  were  similar 
to  those  of  aflatoxin  B  or  G.  Eight  kinds  of  pyrazine 
compound  were  isolated  and  five  of  them  were  char- 
acterized to  be  of  the  structures  shown  in  figures  1 
and  2  {4,  5).  These  results  were  reported  in  a  Sympo- 
sium on  Mycotoxins,  at  the  American  Chemical 
Society  annual  meeting,  New  York,  September  12, 
1966  (6").  The  important  findings  of  that  report  were 
as  follows: 

None  of  the  73  seed  culture  of  starter  strains  of 
aspcrgilli  produced  aflatoxin  when  tested  under  our 
conditions.  These  findings  confirmed  the  1965  reports 
of  Hesseltine  et  al.  (/),  Aibara  and  Miyaki  (2),  and 
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Figure  2.— Characterization  of  compounds  B4-B7  of  asper- 
gilllcX-1. 
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Figure  3.— Variation  of  ftf  values  of  aflatoxin  B-like  com- 
pounds of  aspergillic  X-l  with  different  solvent  system. 


Masuda  et  al.  (5).  Approximately  one-third  of  the 
strains  tested  produced  compounds,  displaying  Rf 
values  (fig.  3),  and  fluorescence  data  (fig.  4)  similar 
to  aflatoxins  under  some  experimental  conditions. 
However,  isolation  and  characterization  demonstrated 
that  these  compounds  differed  markedly  in  chemical 
structure  from  aflatoxins.  Aflatoxins  B-like  compounds 
were  related  to  each  other,  with  the  pyrazine  ring 
common  to  their  structures.  This  was  indicated  by 
similar  ultraviolet  spectra  with  absorption  at  310  to 
330  mji  (fig.  5)  and  similar  infrared  spectra  with 
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absorption  at  1,600  cm.-1.  Nonfluorescent  compounds, 
aspergillic  acid  (7)  and  hydroxy-aspergillic  acid  (3) 
were  also  isolated.  It  was  confirmed  that  when  these 
compounds  have  2-hydroxy  pyrazine  rings  they  give 
fluorescence  but  when  the  No.  1  nitrogen  is  of  an 
oxide  structure  they  give  no  fluorescence,  as  far  as 
the  isolated  compounds  arc  concerned.  The  maximum 
absorption  in  infrared  spectra  at  approximately  950 
cm.-1  seemed  to  be  associated  with  these  differences 
These  conclusions  offered  some  suggestions  for  possible 
chemical  structures  of  the  unknown  compounds  iso- 
lated. 

In  the  present  report  we  describe  the  chemical 
characterization  of  two  kinds  of  fluorescent  pyrazine 
compounds  that  were  isolated  subsequent  to  our 
previous  report  (6*).  Six  kinds  of  new  nonfluorcscent 
pyrazine  compound  were  also  isolated  from  the  same 
culture  and  the  structures  of  five  were  determined, 
including  aspergillic  acid  and  hydroxyaspcrgillic  acid. 
Toxicity  of  these  compounds  was  tested  by  intraperi- 
toneal injection  into  mice. 


Materials  and  Methods 

I.  SEPARATION  OF  PYRAZINE  COMPOUNDS. 

Mold  strain  tested.— Aspergillus  sojae  X-l . 

Medium. — Modified  Mayer's  medium  believed  to 
be  the  best  for  producing  pyrazine  compounds  was 
prepared  in  accordance  with  the  method  of  S.  Naka- 
mura  (9)  to  the  following  composition:  sucrose  50.0  g., 
polypcptonc  20.0  g.,  KH2PO4.  5.0  g.,  MgSo4.7H20 
2.5  g.,  CaHP04  2.5  g.,  water  1,000.0  ml.,  final  pH 
6.0  to  7.0. 

Cultural  conditions.— One  liter  of  the  medium, 
autoclaved  in  a  5-liter  Fcrnbach  flask,  was  inoculated 
with  organisms  from  seed  culture  and  incubated  for 
15  days  at  30°  C. 

Separation  of  fluorescent  pyrazine  compounds.— 
This  fractionation  method  is  shown  in  figure  6.  The 
separation  of  these  similar  compounds  by  direct  use 
of  thin-layer  chromatography  was  very  difficult. 
Moreover,  the  amount  which  could  be  spotted  was 
limited.  Taking  advantage  of  the  difference  in  the 
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side  chains  at  position  6,  those  of  B4  and  B6  being 
hydroxylated  while  those  of  BO,  Bl,  B2  and  B2'  not 
being  hydroxylated,  a  rough  separation  of  two  groups 
of  the  compounds  was  achieved  by  using  counter- 
current  distribution  (10),  followed  by  thin  layer 
chromatography. 

Separation  of  nonfluorescent  pyrazine  com- 
pounds.—This  fractionation  method  is  shown  in 
figure  7.  Thin  layer  chromatography,  column  chroma- 
tography, fractional  extraction  (//,  12),  repeated 
recrystallization  (8),  and  counter-current  distribution 
(8,  75)  have  been  applied  by  others  for  the  separation 
of  nonfluorescent  pyrazine  compounds,  such  as  aspcr- 
gillic  acid,  hydroxyaspergillic  acid,  muta-aspergillic 
acid  (13),  ncoaspcrgillic  acid  (14),  neohydroxy- 
aspergillic  acid  (11),  and  pulchcrriminic  acid  (15). 
But  these  methods  were  ineffective  for  the  perfect 
separation  of  the  closely  similar  structures  of  the 
compounds  studied  by  us.  In  our  hands  good  separa- 
tion was  achieved  by  converting  the  compounds  to 
cupric  salts  which  are  readily  soluble  in  nonpolar 
solvents  (16,  17). 

Biological  tests.— Crystalline,  fluorescent,  and 
nonfluorescent  pyrazine  compounds  were  injected  in- 
trapcritoneally  into  mice  (ddOM  strain,  average  body 


weight  20  g.)  by  personnel  of  the  Institute  of  Physical 
and  Chemical  Research.  Changes  of  weight  and  mor- 
tality of  the  animals  were  observed  for  1  week. 

II.  ASSAY  OF  ASPERGILLIC  ACID  IN  SHOW  KOJI. 

Mold  strain  tested. — Aspergillus  sojae  X-l  was 
the  strain  employed.  It  is  the  most  prolific  aspergillic 
acid  producer  that  was  screened  out  of  wild  strains  of 
A,  sojae  I.  A.  sojae  KS  is  the  common  industrial  molds 
used  in  this  process. 

Koji  manufacture  (mold  culturing).— Cultivation 
of  molds  was  carried  out  in  1  liter  Fernbach  flasks 
containing  1 5  g.  of  defatted  soy  beans.  Soybeans  in 
the  Fernbach  flasks  were  moistened  with  15  ml.  tap- 
water  and  then  were  steamed  for  20  minutes  and 
cooled.  Crushed  wheat  (15  g.)  was  added  to  the 
cooked  soybeans.  The  mixture  was  autoclaved  at  15 
pounds  for  30  minutes.  It  was  then  inoculated  with 
organisms  from  agar  slants  and  incubated  at  30°  C. 
If  the  mixture  (koji)  packed  in  clumps,  the  material 
was  loosened  by  shaking  each  flask  vigorously. 

Assay  of  aspergillic  acid.— Aspergillic  acid  in  the 
shovu  koji  was  assayed  bv  the  method  shown  in  figure 
8. 
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Kojilmold  cultured  soybeans  and  wheot  l  =     50g      characterization  of  isolated  compounds: 


Solvent  extract 

CHCI3  :  MeOH  =  2:1 
24  hrs 

5*/>aq.  NaOH  soluble 

I 

Concentration 

I   in  vacuo  (  50*C  ) 
Cu  -  solts 

J  0.5  V.  Cu  (CHjC00)2in  ethanol 
CHCI»  soluble 

I 

TLC 

Kieselgel  6  0.5  mm 
CHCIS  :  MeOH  -  98  :  2 

Cu  -  salt  of  aspergillic  acid 

UV  obsorption  (  325  mM  ) 
in  ethanol 


acid  In  kojl. 


Results 


Comparison  of  fluorescent  and  nonfluorescent 
pyrazine  compounds  in  UV  and  IR  spectra. — The 

similarity  of  ultraviolet  and  infrared  absorption  max- 
ima and  fluorescent  and  nonfluorescent  pyrazine  com- 
pounds, AO  to  A5,  are  shown  in  figures  9  and  10, 
respectively. 

Compounds  \mo*  Xmo* 

m*t  m/i 
B-0~B-6  227~23I5  3l2~327 


A-0~  A-5 


232-233  5 


325-327 


Solvent  :  Ethanol 
figure*  9.— U* 


Fluorttctnt 


Wavtnumt)«r  (  em"'  I 

1650    950   


Hen- fluor«$c«ot        2400       Z060       1640      1580        —  700 

(  KB'  I 

Figure  10.— Difference  between  fluorescent  and  nonfluor- 

i  in  infrared  i 


B2'  compound.— This  compound  when  isolated 
proved  to  be  the  corresponding  synthetic  deoxymuta- 
aspergillic  acid  (18)  by  infrared  spectrum.  (Kindly 
supplied  by  Dr.  S.  Nakamura.)  This  compound  was 
newly  isolated  from  nature. 

B3  compound.— The  isolated  B3  was  found  to  be 
identical  with  the  hydrazine  reduction  (8)  product  of 
A4,  and  the  reduction  product  of  A4  by  red  phos- 
phorus and  hydriodic  acid  (8)  proved  to  be  the  BO 
compound,  of  which  the  chemical  structure  was  al- 
ready determined.  R.  G.  Mecitich  (12)  in  discussing 
the  NMR  spectra  of  the  pyrazine  compounds,  pointed 
out  the  effect  of  the  structure  of  the  side  chains;  i.e. 
that  the  signals  of  the  ten  proton  triplet  centered  at 
about  9. It  were  due  to  two  ethyl  group,  that  the 
three  proton  doublet  centered  at  about  8.8t  and 
multiplet  with  t  values  6.6  to  6.9,  respectively,  indi- 
cated the  presence  of  the  grouping  -C-CH3.  These 
Endings  indicated  that  the  side  chain  at  the  position 
3  of  B3  was  a  wobutyl  structure.  On  the  other  hand, 
the  three-proton  singlet  about  8.4r,  absence  of  multi- 
plet with  t  values  about  7.4  to  7.6  in  BO,  together 
with  the  infrared  spectra,  indicated  that  the  side  chain 
at  position  6  was  also  ;w-butyl  structure  and  was 
hydroxylated.  Multiplet  with  t  value  7.9  to  8.2  was 
assigned  to  the  CH2  protons  in  the  3  and  6  w-butyl 
side  chain.  Therefore,  B3  compound  was  identified  to 
be  2-hydroxy-6(l-hydroxy-l-methylprophyl)  -3-sec- 
butylpyrazine.  This  is  a  new  compound. 

AO  compound.— Free  form  of  cupric-salt  of  AO 
was  a  yellow  oil.  The  hydrazine  reduction  (//)  prod- 
uct of  AO  was  shown  to  be  the  corresponding  2-hy- 
droxy-3,  6-di-jfc-butylpyrazine.  Then  the  structure  of 
AO  was  identified  as  2-hydroxy-3,  6-di-i«:-butylpyra- 
zine  1 -oxide. 

Al  compound. — Free  form  of  Al  was  also  a  yellow 
oil.  The  reduction  of  Al  with  hydrazine  (8)  gave 
colorless  crystals  but  its  structure  has  not  been  identi- 
fied as  yet. 

A2  compound.— This  was  characterized  to  be 
aspergillic  acid  by  its  infrared  spectrum. 

A3  compound. — The  product  on  reduction  of  A3 
with  hydrazine  (8)  corresponded  to  2-hydroxy-3-iso- 
butyl-6-isopropylpyrazine  by  its  infrared  spectrum. 
Then  the  A3  structure  was  identified  to  be  2-hydroxy- 
3-isobutyl-6-isopropylpyrazine  1 -oxide.  This  com- 
compared  in  figures  11,  12,  and  13. 

A4  compound.— The  reductive  product  of  A4  with 
hydriodic  acid  in  phosphoric  acid  and  the  product  on 
reduction  of  A4  with  hydrazine  (8)  were  shown  to 
be  BO  and  B3,  respectively.  Therefor  the  A4  com- 
pound was  identified  to  be  2-hydroxy-6-(  1  -hydroxy- 1 
methylpropyl)-3-w-butylpyrazine  1 -oxide.  This  is  a 
new  compound. 
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A5  compound.— Its  structure  was  characterized  to  The  properties  of  these  purified  compounds  are 
be  hydroxyaspergillic  acid  (8)  by  its  infrared  spectrum.      compared  in  figures  11,  12,  and  13. 
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Chemicol 
S»fUCtur« 


Nome  of 
Compounds 

Molecular 
Formulo 


8-2' 

H— if    ^*»—  CH?-CH 


M5C-HC 
I 

H3C 


T^V^OH 


CH, 


Deonymuto-ospergill.c  acid 


C,  ,H190N2 


B-3 

CH, 
H.    ^N.  I 

H0  V  VCH-^-CH3 


M,C-H,C-C 

CH, 

2-Hydro«y-6-<  l-hydro«y- 
l-mtthylprOpyli-3-s»r 
buthyipyratme 


Yield  m9/L 


Mod  Moyer 

60/70 

22/70 

Medium 
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Somple 

1  l  i 

120-1205 
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Sample 

109 

120-1205 
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C 

H 

H 

C          H  N 

Analytical 

684 

93 

14  3 

64  1       8  8       12  4 
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93 

144 

643      90  125 

Figure  11. — Characterization  of  compounds  B2*  and  B3  of  Aspergillus  sojae  X-l. 
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A-0 

H  N 

CH-CH4-CH, 
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A-l 


A-2 


i 
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1 

0 


2-Hydroxy-3.6-di-*w- 
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136  8 


0.1 


1924 
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Figure  12. — Characterization  of  compounds  AO  ~  A2  of  Aspergillus  sojae  X-l. 
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Biological  testing.— The  crystals  of  fluorescent 
pyrazine  compounds  BO  to  B6,  excluding  B5  and  B7, 
were  injected  intraperitoneally  into  mice.  Because  of 
shortage  of  samples  only  three  mice  were  tested  for 
each  dosage,  250  mg.  and  500  mg./kg.  Nontoxicity 
was  confirmed,  as  shown  in  figure  14.  The  same  test  for 
toxicity  was  applied  to  the  nonfluorescent  pyrazine 
compounds,  for  the  total  mixture  and  for  each  of  the 
separated  compounds  (fig.  15).  The  toxicity  of  asper- 
gillic acid  and  hydroxyaspergillic  acid  have  been 
previously  reported  in  literature  (9,  13) .  Judging  from 
these  results  the  toxicity  of  these  compounds  seems  to 
be  similar  to  that  of  aspergillic  acid,  LDro  approxi- 
mately 100  mg./kg. 

Assay  of  aspergillic  acid  in  koji. — A.  sojeu  X-l 
began  production  of  aspergillic  acid  after  the  end  of 
third  day  of  cultivation.  In  the  case  of  the  ordinary 
industrial  mold,  strains  I  and  KS  began  production  4 
to  10  days,  respectively,  after  inoculation  (fig.  16). 


Discussion 

Pyrazine  compounds  of  No.  1-N-oxide  structure, 
such  as  aspergillic  acid,  are  generally  hardly  soluble 
in  water,  but  their  toxicity  cannot  be  overlooked. 
Among  Japanese  fermented  foods,  shoyu  consists  of 
water  soluble  ingredients,  mirin  contains  15  percent 
alcohol  and  in  case  of  miso  the  total  mold-culture 


material  is  fermented  and  served  as  is.  Mirin  is  an 
alcoholic  seasoning,  which  is  prepared  by  saccharify- 
ing mold-cultured  rice  in  35  percent  alcohol,  and  miso 
is  prepared  by  enzymatically  degrading  the  mixture 
of  cooked  soybeans  and  molded  rice,  or  barley,  or 
wheat,  or  corn  in  the  presence  of  about  10  percent  of 
salt,  along  with  some  yeast  fermentation. 

Thus,  it  is  important  to  check  the  content  of  these 
mold-cultured  materials  for  toxic  pyrazine  com- 
pounds. The  production  of  aspergillic  acid  by  the 
strains  of  Aspergillus  that  are  widely  used  in  Japanese 
industries  were  checked  and  26  strains  among  68 
gave  positive  results  (79),  when  they  were  cultured  in 
modified  Mayer's  medium  by  surface  culture  at  30° 
C.  for  more  than  10  days.  But  in  the  Japanese  food 
fermentation  industries,  molds  are  always  cultured  on 
solid  materials  for  only  2  or  3  days.  In  our  solid 
cultures,  just  as  in  the  industrial  method,  even  A. 
sojae  X-l  began  production  of  aspergillic  acid  only 
after  the  end  of  third  day  of  cultivation,  and  in  case 
of  the  ordinary  industrial  molds  (Aspergillus  sojae, 
strains  I  and  KS)  only  4  and  10  days  after  inocula- 
tion (fig.  7).  Thus  one  can  conclude  that  it  is  easy  to 
avoid  the  contamination  with  aspergillic  acid  in  koji 
culture  by  selecting  suitable  strains  of  mold.  In  pro- 
duction of  shoyu,  molds  are  usually  cultured  on  equal 
amounts  of  a  mixture  of  soybeans  and  wheat  of  about 
50  percent  moisture;  500  g.  of  mold-cultured  material 
corresponds  to  1  liter  of  shoyu.  The  average  consump- 
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Abbreviated  Mork  Nam*  of  Compound  250m9/kg  500">9 /kg 


B.0                2-Hydro.y-3.6-di-,.,-  _  „ 
butylpyrazme 

B-l                 Deoxyaepergillic  ocid  0/3  — 

B-2                Flovocol  0/3  0/3 

B-2'               Deoxymuto-aspergillie  acid  0/3  0/3 

2-Hydroxy-6-  M-hydroxy- 
B-3  l-methylpropyl  )-3-*«-  —  0/3 

butylpyrazine 


B4  Deoxyhydroxy- 
osporgillic  acid 


0/3 


2- Hydroxy -6-  ( I -hydroxy  - 
B-6  isopropyl  )-3-»0butyl  0/3  0/3 

pyrozine 

ddOM  Mica  weighted  obout  20g  (t> 
Intraperitoneal  Injaction 
*  Number  of  Daoth/Numbar  of  Tested  Animols 

Figure  14.— Biological  test  of  fluorescent  pyrazlne  compounds  on 


Abbrevioted  Mark 
A-0 
A-2 

A-3 

A-4 

A-  5 
A-mixture 


Nome   of  Compound 

2-Hydroxy-3,  6-di-**r- 
butylpyrazine  l-oxide 

Aspergillic  acid 

2- Hydroxy  -3-isobutyl  -  6  - 
isopropylpyrozine  - 

1-  oxide 

2-  Hydroxy-6(l  -hydroxy -I- 
methylpropyl )  3  -  sec  - 
butylpyrazine  l-oxide 

Hydroxyaspergillic  ocid 


62  5"»9/kg         l25™J/kg  250™9/kg 

  0/3  3/3" 

L0,o  I00m9/kg  (value  of  Reference) 

0/3                  3/3  — 


ddOM  Mice  weighted  about  20g  {t) 
Intraperitoneal  Injection 
*  Number  of  Death /Number  of  Tested  Animals 


0/3 


3/3 


LDjo  I00m9/kg  (value  of  Reference) 

0/3  3/3  3/3 

LDso  •  I  9  "ig/ kg 


Figure  15.— Biological  test  of  nonfluorescent  pyrazlne  compounds  on  mice. 
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Tun*  I  Day) 

Figure  16.— Formation  of  aspergiilic  add  in  culture  of 
AspergWus  so/ae  on  soybeans  and  wheat 

tion  of  shoyu  in  Japan  per  capita  per  month  is  1 
liter;  600  mg./kg.  of  ether  extract  of  koji,  and  300 
mg./kg.  ether  extract  of  shoyu  correspond  to  6  month's 
consumption  of  shoyu  for  a  man  of  50  kg.  body 
weight.  These  amounts  were  injected  into  mice.  The 
results  indicated  (fig.  17)  that  intraperitoneal  injec- 
tion of  these  amounts  of  ether  extract  of  koji  of  shoyu, 
at  the  dosage  that  corresponds  to  a  year  of  human 
consumption,  did  not  kill  three  mice  in  each  case.  In 
addition  to  the  15  kinds  of  pyrazinc  compound  that 
have  been  isolated  to  date  from  culture  of  molds, 
muta-aspcrgillic  acid,  neoaspergillic  acid  and  neohy- 
droxy-aspcrgillic  acid  arc  also  known.  These  com- 
pounds are  considered  to  be  condensation  products  of 
two  molecules  of  amino  acid,  as  was  suggested  by 
J.  C.  MacDonald  (20,  21,  22,  23,  24),  such  as  leucine 
and  leucine,  isoleucine  and  isoleucine,  isoleucine  and 
leucine,  and  valine  and  leucine,  in  our  case.  We  have 

t.lrocl    0<    Sho»ul  E1*t'J  C.'i*  O'l 

E>t>0C    0<   ShCr.  -  H|c  '.  C"»«""*    tl  -S  S'J 

aaOM  M,c.  ».  ,M.d  oout  io* 

Mil'    O'    OfC'l-  '  N«i-tl<    of    T...,d  in,-cl, 

300m9 kg  a*   ««i'ocl   pi   »ir»«.   od  600mg/»g        fit-ot'  %r-cyo  »(.,. 
fOr    0    "DWH   flt|l«Cl'««ly    COffeSOO'Ol      L    md-llt*,    .Halt    t»l    ifuyy  ty 
o  •on  ol   >C>9  «'5"1    If   «  moMM 

lOlinn   o'    .ndujl.o'   It'c.n   5I   Aipe'g.lM    S3,oe   anO    4lc»'g  :iiU 
•  0|0»   X-l.    ..14   ,1.0.*    «»'»  I«lt*d 

Figure  17.— Biological  test  of  extracts  of  shoyu  and  shoyu- 
koji  on  mice. 


observed,  on  thin  layer  chromatographs,  many  other 
faint  spots  of  possible  fluorescent  and  nonfluorescent 
pyrazine  compounds.  So,  the  existence  in  nature  of 
many  other  pyrazine  compounds  produced  by  molds 
from  two  molecules  of  amino  acid,  for  instance,  from 
valine  and  valine  or  valine  and  isoleucine,  should  be 
considered. 
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by  Hiroshi  Tsunoda 

Food  Research  Institute,  Ministry  of  Agriculture  and  Forestry,  T okyo 


The  History  of  the  Research 

During  some  periods  of  history,  Japanese  nationals 
have  suffered  from  beri-beri  ("kakke"),  a  disease 
known  to  be  peculiar  to  the  rice-consunung  nations. 
Clarification  of  the  etiology  was  not  achieved  even 
through  the  animal  experiments  using  injured  rice 
conducted  in  1891  by  Dr.  Junjiro  Sakaki  (115,  116, 
117). 

During  the  periods  of  Japan-China  War  (1894-95) 
and  the  Japan-Russian  War  (1904-5)  considerable 
numbers  of  soldiers  and  sailors  suffered  from  kakke. 
It  was  assumed  that  the  kakke  was  caused  by  the  rice 
diet  and  the  ration  was  successfully  improved  by 
adding  barley.  Subsequently  the  number  of  cases  of 
kakke  decreased  among  the  military. 

The  above  experiments  were  resumed  by  Dr. 
Yutaka  Teruuchi  (135)  in  1929,  but  his  results  also 
failed  to  find  a  clear  relationship  between  the  kakke 
and  injured  rice,  probably  due  to  complex  infection 
with  various  mold  strains  and  the  substances  thereby 
produced  in  naturally  developed  diseased  rice. 

Dr.  Umctaro  Suzuki  enlightened  the  vitamin  aspect 
of  the  problem  in  1911-12,  and  collaborating  with 
Dr.  Shimazono  of  the  faculty  of  internal  medicine  of 
Tokyo  University,  reached  the  conclusion  that  the 
cause  of  kakke  was  a  deficiency  of  vitamin  Bi. 

Meanwhile,  it  was  suspected  that  the  cause  of 
kakke  had  been  chronic  poisoning  by  some  product 
of  some  kind  of  mold  developing  on  stored  rice.  This 
idea  was  hypothesized  by  Prof.  Ichiro  Miyakc  of 
Tokyo  Agricultural  University. 

No  factor  relating  to  kakke  was  found  throughout 
a  series  of  experiments  conducted  from  1916  through 
1922.  These  experiments  involved  the  feeding  of  mice 
with  diseased  rice  which  had  been  artificially  in- 
oculated with  strains  of  Oospora  sp.  (/)  (redding  of 
grains),  Abisidia  sp.  (68)  (moldy  rice  grains),  and 
Penicillium  commune  Thorn.  (68)  (mosu-mai— Japan's 
local  expression  for  chalklike  rice).  The  three  mold 
species  had  been  isolated  from  natural  infestations  of 
rice. 

A  diseased  rice  of  yellow  coloration  was  found  in 
rice  imported  into  Japan  proper  from  Formosa  in 
1937.  A  study  by  Prof.  Icluro  Miyake,  Dr.  Hiroshi 
Naito,  and  Dr.  Hiroshi  Tsunoda  showed  that  the 
cause  of  this  so-called  yellow  rice  was  due  to  infection 


by  P.  citreo-viride  Biougc  (P.  toxicarium  Miyake)  of 
unpolished  rice  during  storage  (50,  51,  52,  53,  70,  74). 

Unpolished  rice  inoculated  with  P.  citreo-viride,  iso- 
lated from  the  naturally  developed  diseased  rice,  was 
tested  by  oral  administration  to  rats.  Using  the 
diseased  rice  as  100  percent  of  the  diet  was  fatal  to 
rats,  with  paralysis  in  the  hind  legs  after  8  days  of 
feeding;  with  diseased  rice  as  50  percent  of  the  diet, 
after  20  days  and  even  in  the  case  of  diseased  rice  as 
low  as  10  percent  of  the  diet,  fatalities  occurred  in 
one-half  of  the  animals  within  1  month.  No  charac- 
teristic anatomical  changes  were  observed  with  the 
exception  of  an  enlargement  of  the  heart.  Characteris- 
tic nervous  signs  were  observed  following  parenteral 
injection  of  ether  extracts  of  the  diseased  rice. 
Paralysis  of  the  hind  legs  and  subsequent  respiratory 
paralysis  of  the  experimental  animals  were  observed 
by  Miyake  et  al.  (70). 

Collaborative  works  on  mycotoxin  were  started  in 
1940  at  the  request  of  Japanese  Government  to  the 
faculty  of  medicine  of  Tokyo  University  (Dr.  Kenji 
Uraguchi)  (198,  199,  200,  201,  202,  203,  204,  205,  206, 
207,  208,  209,  210,  211,  212). 

Through  the  collaborative  studies  on  this  problem, 
the  chemical  structure  of  the  toxic  substance  was 
proposed  by  Y.  Hirata  (8)  as  in  fig.  I.  Named 
Citreoviridin  (8,  9,  10,  142),  its  characteristics  were: 
m.p.  107°  to  1110  C,  stable  to  heat,  labile  to  ultra- 
violet radiation,  exhibiting  a  deep  yellow  fluores- 
cence. It  is  noteworthy  that  the  signs  of  poisoning  in 
the  experimental  animals  consuming  raw  materials 
contaminated  with  the  citreoviridin  were  similar  to 
those  observed  in  the  human  cases  of  "kakke-shoshin" ; 
namely,  cardiac  attack  of  kakke  disease  with  cardiac 
weakness  and  ascending  type  of  paralysis.  P. 
ochrosalmotum  Udagawa  also  produces  a  substance 
structurally  identical  to  citreoviridin  (120).  Recently 
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Figure  1.— Citreoviridin  (8,  9,  10). 
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similar  results  were  obtained  with  the  isolated 
citreoviridin  by  Dr.  Uraguchi. 

These  were  essentially  the  historical  oudines  of 
mycotoxin  studies  during  the  prewar  (World  War  II) 
periods. 

Micro-Organisms  Parasitic  on  Grains 
and  Cereals  in  the  Field 

In  countries  of  high  humidity  such  as  Japan,  it  is 
important  to  know  the  plant  hosts  of  parasites,  the 
condition  of  their  cultivation,  the  strains  involved 
and  so  on,  before  one  can  decide  on  the  storage 


conditions  of  cereals  or  grains.  From  1938  to  1967, 
harvested  products  of  rice,  wheat,  barley,  soybean, 
and  other  crops  were  subjected  to  examination  of 
causes  of  their  field  injuries.  The  results  of  the  exami- 
nation are  shown  in  table  1. 

Schizomycetes:  Bacillus  subtilis  (157),  Xantkomonas 
itoana  (43),  Xantkomonas  atroviridigena  (71,  72),  Pseu- 
domonas  sp.  (152);  Ascomycetes:  Gibberella  &ae  (165, 
166,  167),  Gibberella  jujikuroi  (165,  166,  167);  Fungi 
imperfecti:  Helminthosporium,  Nigrospora,  Cladosporium 
(176),  Fusarium  (162)  (F.  nivale,  F.  kuknii),  Cutvularia 
and  Epicoccum  (176)  were  often  found  associated  with 
Japanese  domestic  rice. 


Table  1. -Micro-organisms  parasitic  to  the  Graminea  plants  in  field  (177) 


Animal  test' 


Hast 


Bas  i  diomycetes  . 


Clavictps  

Ophiobolus. 


JVectria... 
Pleostora.. 

UstUORtnoi 

Scltrolinia. 
Ustilago.  . 


..B.  subtilis  sp  

.  _  Pseudomonas  sp.  

[X.  itoana  (43,  45).... 
Ax.  atroviridigena  (71). 

[X.  cinnamon*  (65)... 
.  -C.  purpurea  

(O.  mijrabeanus  

'\0.  graminis  

..C.  miyabeamts  

(C.  vat  

-\G.  Jujikuroi  


..Nontoxic. 

 do... 

 do... 

 do... 


Rice. 


 do.... 

..Toxic  

..Not  tested  _ 

 do. 


Do. 
Do. 
Do. 
Do. 


.P.  triehostoma. 
.U.  virens  


.do.... 

.Toxic  

.Not  tested  _ 

 do..-. 


Rice. 
Do. 
Do. 


Tilletia  

Cortifium... 
Pellindaria. 
All/rnaria.. 


Ascothyta 

Botrytis. . 
ColUtatric, 
Diplodia 

Epu 


!S.  scierotiorum. 
\S.  trifotiorum.. 
\U.hordei.... 

\U.  it  at.  

(T.foetida  

\T.  cor  its  

-C.  roifsii  

.P.  sasakii  

.A.  orytae  

J  A.  tritiei  

U. 


 do.... 

.Toxic  

.Not  tested. 

 do.... 

 do.... 


-Toxic  

 do.... 

.Not  tested. 

 do.... 

 do.... 


Hel 

Isaria  

Nigrospora. . 

Phoma  

Pestalotia  

Pmcularia. . 


C.  graminicotum . 

D.  natalensis  

E.  ntgleetum  

E.  oryzat  

//.  gramincum. . 
H.  tureieum  


 do... 

 do... 

 do... 

 do. . . 


Rice. 

Do. 

Do. 

Do. 
Soybeans. 
Feed  crops. 
Barley. 
Corn. 
Wheat. 

Do. 
Soybeans. 
Rice. 

Rice,  wheat. 
Wheat. 


 do... 

.Nontoxic. 

 do... 

 do... 


 {: 


N.  sphatria  

N.  oryzae  (43,  44). 
P.  gtumarum  


Torula  

Cladosporium. 


.P.  oryzae.  . 
IS.  nodorum. 
\S.  tritiei... 


 do.. 

 do.. 

 do.. 

 do.. 

 do.. 

 do.. 

 do.. 

 do.. 


Fusarium. 


-C.  herbarum.. 

I'F.  nivale  
F.  oxyspcrrum . 
F.  kuknii  
F.  poae  

-c.r 


.do. 
.do. 
.do. 


—Toxic  

 do. . . . 

—Not  tested  . 

.  .Toxic  

-Not  tested. 


Rice. 
I<cguminase. 
Peanut. 
Rice. 

Do. 
Rice,  wheat. 

Do. 
Rice. 

Rice,  wheat. 

Do. 
Rice. 

Do. 

Do. 

Do. 

Do. 

Do. 
Rice,  wheat. 
Rice,  wheat. 
Wheat. 
Rice. 
Wheat. 
Rice. 


observed  for  at  least  60  cUy«. 
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Micro-Organisms  Parasitic  to  Stored  Rice 

Those  microorganisms  infecting  the  grain  during 
the  harvest,  during  hulling  by  contamination  from 
soil  or  sand,  or  deriving  from  straw  packaging  will 
grow  on  rice  when  the  conditions  of  temperature  and 
humidity,  optimal  for  their  development  are  fulfilled. 
Examination  results  on  those  kinds  of  infestation  are 
given  in  table  2. 

When  the  moisture  content  of  rice  is  below  14 
percent,  no  development  of  mold  is  observed  for  at 
least  1  year  in  most  cases.  Aspergillus  glaucus  develops 
when  the  moisture  content  is  14  to  15  percent  and  at 
approximately  15  percent  moisture  P.  citreo-viride  de- 
velops (90,  92).  Many  kinds  of  mold  develop  at  15  to 
17  percent  moisture,  and  moisture  content  higher 
than  18  percent  permit  the  growth  of  Mucor,  Oospora, 
Rhizopus  and  even  bacteria. 

Infestation  is  limited  in  the  case  of  wheat  storage 
in  dry  conditions  probably  due  to  the  poor  develop- 
ment of  Aspergillus  species  at  low  content. 

Aspergillaceae  Grown  on  Stored  Rice 
(180, 187). 

Isolation  and  identification  of  micro-organisms 


were  carried  out  during  the  1940-60  period.  Imported 
products  were  subjected  to  the  same  examination  as 
Japanese  domestic  products  by  the  stratified  location 
sampling  carried  out  by  the  inspection  section  of  the 
food  agency. 

Aspergillus  group.— As  shown  in  table  3,  more 
than  30  strains  of  micro-organisms  were  recorded.  In 
table  3,  the  species  listed  from  A.  repens  to  A.  amstelo- 
dami,  (the  Aspergillus  glaucus  group)  induced  injuries 
mostly  to  Japanese  domestic  rice  (155).  That  group 
is  known  as  the  cause  of  dark  coloration  of  Japanese 
rice  harvested  from  the  northeastern  prefectures  and 
is  seen  in  the  summer  time. 

A.  glaucus,  A.  clavatus,  A.  Jumigatus,  A.  nidulans,  A. 
versicolor,  A.  terreus,  A.  candidus,  A.  wentii,  A.  oryzae, 
and  A.  ochraceus  were  frequently  found  on  imported 
rice,  the  frequency  varying  according  to  the  country 
of  their  origin  (165,  166,  167). 

Penicillium  group.— As  shown  in  table  4, 
approximately  50  strains  were  found  to  contaminate 
rice,  among  them,  those  possessing  toxicity  being 
listed  in  tables  4  and  5.  The  degree  of  their  toxicity 
varied  according  to  the  kinds  of  the  host,  the  isolated 
strain  and  conditions  of  incubation,  but  the  most 
highly  toxic  belong  to  Asymmetrica,  Fasiculata,  and 
Biverticillata-symmetrica. 


Table  2.— Micro-organisms  parasitic  to  the  stored  grains  (277) 


Genua 


Specie* 


Animal  test1 


Host 


Phycomycetes. 


Fungi  imperfect! . 


Abisidia. 
Afucor  

Rhizopus. 


.Abisidia  sp.. 


Syncephalaitrum . 
Thamnidium  


\R.  tritici 


Nontoxic. 

 do... 

 do... 


Rice. 


Rice^wl 


wheat. 


Aspergillus. 

Penicillium  

Chaetomium  

Emericelta  

Eurolium.  

Monascui  

Sordaria  

Torulopsis  

Sattharomyces . . 
Brathysoporium . 

Candida  

Cephalosporium. 

Monitia  

Oospore...^... 
Paccilomyces  


.31 
.47 


 do.... 

..Not  tested, 
-do. 


.5  races,  toxic 
.14  races, 
.Not  tested 
 do... 


 do—. 

Nontoxic.  . 
..Not  tested. 

 do.... 


..Nontoxic. 
..Not  tested, 
.do-.. 


Actinomycctales- 

Strcptomyccs  


Sporotium  

SUmphylium. 
Trieolhecium . 
Trichoderma  _ 

spi, 


.Oospora  sp 
-P.  varioli- . 
S.  brecicaulis 
S.  bred  var 
S.  melanospor 


is  ) 

'.  glabra  > . 
ora  J 


 do. 

 do... 

.  .Nontoxic. 
 do... 


. .  T.  roseum . .  , 
-.7".  lignorum. 
..S.  violacea  

.  S.  flavovirens . 


..Not  tested. 
Nontoxic.  . 


.do. 


 do... 

Soil  smell . 


Do. 
Rice. 
Do. 
Do. 
Do. 

Wheat,  barley. 
Rice. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 


with  rati, 
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i  parasitic  to  the  stored  rice  (15,  177) 


Species  Animal  test1  Host  Damage2 

A.  davatus,  Desm   Toxic:patulin  Rice,  Barley   +  +  + 

A.  gigantens,  Behmer.   do..   Rice   +  + 

A.  repent  (cda),  Debary.   Nontoxic  do   +  +  + 

A.  cheealini,  (Mang),  Thom  ct  Church  -  do..  do   +  +  + 

A.  mangini,  n.  Camb   do  do   + 

A.  restricus,  G.  Smith  do.    do    + 

A.  amsUlodami,  (Mang),  Thom  et  Church   do   -.do   +  +  + 

A.jumigatus,  Frescnius     do  do   +  +  + 

A.fiseheri,  Wehmer   Not  tested  — do    + 

A.  nidutans  (Eidam),  VVint.  Nontoxic   do   +  +  + 

A.  variecolor,  (Berk  et  Br),  Thom    do   do   + 

A.  unguis,  (Emite-Weitct  ct  Gaydin),  Thom  ct  Church  Not  tested  do   -+- 

A.  tutus,  (Bainier),  Thom  et  Church   _   do  —   do   + 

A.  sydowi,  (Bain  et  Sart),  Thom  et  Church   -  Nontoxic   do    +  +  + 

A.  versicolor  (Vuill),  Tiraboschi  -   do  do   +  +  + 

A.  ttrreus,  Thom    -  Toxic:citrinin  do   ++  + 

A.  candidus,  Link  do  Rice,  Wheat   +  +  + 

A .  niger,  van  Tieghcm  Not  tested  Rice   +  +  + 

A.jafKmicus,  Saito  do   -do..   + 

A.  autamori,  Nakagawa  Nontoxic  --do   +4-  + 

A.  carbenanus,  (Bain),  Thom   Not  tested  -. -do   + 

A.  phaenids,  (cda),  Thom    -  do  do   + 

A.  wentii,  Wehmer  Nontoxic  do   +  +  + 

A.  Urricola,  Marchal  do  do   +  +  + 

A.  tamarii,  Kita      -  do   do   +  +  + 

A.  orjzae  (Ahcburg),  Cohn  do  do   +  +  + 

A. flams.  Link  _._     Toxic raflatoxin  do...   + 

A.  ochraceus,  Wilhelm  Toxic :ochra toxin  do   +  +  + 

A.  eltgans,  Gasperini   Not  tested  do   + 

A .  ostianus,  Wehmer  do   do   + 

A.  quncinui  (Bain),  Thom  et  Church  do  do   + 


■Animal  t*»t:  reeding  experiment*  with  rata,  usually  observed  for  at  least  00  days. 
•Damme:  Marked  +  +  +.  moderate  ++,»h«ht  +. 


Instances  of  Poisoning  Caused  by 
Naturally  Developed  Diseased  Rice 

During  the  periods  when  rice  inspection  had  been 
entrusted  to  the  Federal  Association  of  Rice  Brokers, 
there  were  no  records  concerning  cases  of  rice  poison- 
ing. 

The  Japanese  Government  enacted  the  "Rice  Act" 
in  1921  and  rice  inspection  has  been  performed  since 
then  under  the  provision  of  the  act.  The  frequency  of 
kakke  cases  has  tended  to  decrease  since  that  time. 
Rice  inspection  and  guidance  in  rice  storage  tech- 
nology has  been  under  direct  governmental  super- 
vision since  1946  when  these  activities  involved  the 
total  rice  crop  of  Japan.  No  case  of  kakke  has  been 
reported  in  recent  years.  P.  citrto-viride  could  readily  be 
isolated  from  any  sample  before  the  war,  but  at  the 
present  time,  it  is  very  difficult  to  find  this  species  in 
any  rice.  Thus,  there  may  be  a  correlation  between 
the  low  frequency  of  bcri-beri  (kakke)  and  the  rarity 
of  this  mold  in  rice.  No  case  of  rice  poisoning  was 
reported  in  1954  and  1955,  probably  because  rice 
imported  into  Japan  was  inspected  for  the  toxicity. 
The  rice  which  proved  to  be  positive  for  toxicity 
(135,000  tons)  was  diverted  to  produce  alcohol  for 
industrial  use  in  1955,  based  on  the  report  of  a  govern- 


mental committee  constituted  of  toxicologists  and 
statisticians. 

Other  than  those  mentioned  in  table  6,  there  have 
been  three  cases  suspected  as  Fusarium  poisoning  from 
rice  cakes,  and  two  other  cases  from  brewed  rice 
beverage  (koji  juice)  reported  from  Kyushu. 

The  experimental  studies  on  the  toxicities  of  the 
important  fungi  growing  on  the  grains  in  Japan  are 
described  below. 

Penicillium  islaixdicum  Sopp,  (143, 144)  (islandia 
yellowed  rice  (146),  hepatotoxic  yellowed  rice.— 
This  organism  was  isolated  from  Egyptian  yellow- 
brown  rice  imported  into  Japan  in  1948.  The  mold  is 
derived  from  soil,  so  that  this  type  of  infection  arises 
from  contamination  from  soil  or  sand  at  the  time  of 
rice  hulling.  When  the  moisture  content  of  rice  rises 
higher  than  16  percent  and  in  the  presence  of  a  high 
temperature,  the  mold  grows  and  yields  toxicity. 
Three  types  of  strains  were  found  which  differed  in 
the  chemical  structure  of  substances  produced  (104). 
As  shown  in  the  table  7  Islanditoxin  (6*2,  63,  64,  65), 
a  kind  of  peptide,  is  assumed  to  be  produced  more  or 
less  by  any  one  of  the  three  strains. 

Material  of  the  greatest  toxicity  may  be  obtained 
under  the  following  conditions:  moisture  content  of 
the  host  rice  kept  16  to  20  percent  in  well  aerated 
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parasitic  to  the  stored  rice  (24, 177, 170) 


Species  Animal  test1  Host  Damage1 


P.  thomii,  Maire    -   Not  tested  Rice   + 

P.  cinnamoputpureum,  Abe  -  -  -do.  -  do   + 

P.  Jrequentans,  Wcstling  Nontoxic  do   +  + 

P.  multicolor,  Gig-Manoi  et  Parad  do  do   + 

P.  Hirayamae,  Udagawa  do  do   + 

P.  purpurrestens,  (Sopp)  n  Camb    do   do   + 

P.  implication,  Biourgc  .   .  - . .  -   Toxic xitrinin  do   +  +  + 

P.  decumbent,  Thom. .  _  _   Nontoxic   do   + 

P.  citreo-vivide,  Biourgc     -  Toxic  xitrcoviridin, 

citrinin  do   +  +  + 

P.  roseo-purpureum,  Dierckx  .  -Nontoxic  do    + 

P.Juscum,  (Sopp)  Thom..     do  do   + 

P.  adametzi,  Zaleski  do  do   + 

P.  nnaceum,  Giiroan  ct  Abbott    do  do   4- 

/'.  phoeniceum,  van  Bcyma  _  .  do    do   + 

P.  capsulatum,  Rapcr  et  Fennell   do   do   +  + 

P.  Waktmani,  Zaleski   do    do   +  + 

P.  Ochrotalmontum,  Udagawa                                                          .Toxic xitrcoviridin  do   + 

P.  lilaeinum,  Thorn    Nontoxic.   _  .do  .  + 

P.  citrimm,  Thorn  Toxic  xitrinin  .do   +  +  + 

P.  cfnysogenum,  Thorn   Nontoxic  do    +  +  + 

P.  no  la  turn,  Wcstling  do  do   +  +  + 

P.  oxalicum,  Currie  et  Thorn  Toxic  do   -j-  +  + 

P.  roqueforti,  Thorn     Nontoxic   do   +  + 

P.  phtalosparum,  Udagawa    do  do    + 

P.  commune,  Thorn     Toxic?   do   +  +  + 

P.  namyHowskii,  Zaleski      Nontoxic   do     + 

P.  vindication,  Wcstling  Cron;  toxic  do   +  + 

P.  cyclopium  Wcstling  (moldy  smell  grain)  Nontoxic  do   +  +  + 

P.  expansion,  Link        Toxic:patulin   do    + 

P.  urticae,  Bainier    do  _  Barley :  rice   +  +  + 

P.  granulatum,  Bainier.        Nontoxic  Rice    + 

P.  clavtforme,  Bainier.  -     Toxic:patulin   do    + 

P.  stipitalum,  Thom  Nontoxic  do   + 

P.  oermiculatum,  Dangerud    Not  tested  do   •+- 

P.  wortmami,  Klocker  Toxic  :Rugulosin  do   + 

P.  tpiculisporum,  Lehman      Not  tested   do   + 

P. funiculotum,  Thom   _   do   ...... do   + 

P.  iilandicum,  Sopp     Toxic:  Rutcoskyrin, 

Islandi  toxin 

(Peptide)  do   +  +  + 

P.  piceum,  Rapcr  et  Fennell   Nontoxic   do    +  + 

P.  brunueum,  Udagawa  Toxic  :Rugulo>in  do   + 

P.  purpuTogenum,  Stoll    Nontoxic  Grains   +  + 

P.  ruorum,  Stoll                                       —  . .  .  do...  .Rice    + 

P.  rugulosum,  Thom  ( 16) .  _     Toxic :Rugulosin   do   +  +  + 

P.  concavo-rugulosum,  Abe  (17)  do  do   + 

P.  tardum,  Thom   do  do   +  +  + 

P.  diver  sum,  Rapcr  et  Fennell                                                           .Nontoxic   do   + 


n,  Rapcr 

P.  heuquei,  Bainier  et  Sartory     do .... .  Rice,  corn  

I  tor  at  lout  00  Any*. 

Table  5.— Group  of  toxic  Penicillium,  parasitic  to  stored  rica 


Monoverticiliata  

Asymmetrica— Divaricata . 
Asy.— Velutina  


Asy.— Fasiculata. 


i 


P.  implieatum  Citrinin. 

P.  eitreo-tirid   Citreoviridin,  citrinin. 

.P.  ockrosalmoneum  Citreoviridin. 

.P.  oxalicum,.  .Toxic:  Patulin? 

[P.  vtridicalum    Rice:  Notnoxic,  Corn  toxic. 

I  P.  urticae   Patulin. 

j  P.  expansum    Do. 

\P.  clam/orm   Do. 

(P.  wortmanni  Rugulosin. 

P.  islandicum     Luteoskyrin, 

P.  brunneum   Rugulosin. 

P.  rugulosum     Do. 

P.  concavo-rugulosum. 
P. 
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Table  6.— Cases  of  poisoning  by  molds 

Year  Location  Substance  Strain  Subjects  Diagnosis  Notes 

1944       Gilolo  Island  Overseas  rice  Penicillum 

islandieum. . ,  Human  Anasarica  (leg)  In  regiment 


1946       Nakano  area, 

Tokyo  Wheat  flour  Gibberella  vat  do  .Vomiting  Numbers  (//,  13). 

1952      Kobe-City  in- 
cluding 

suburb  Malt  root 

(embryo)  Penicillium  urticae — Milch  cow  Hemorrhage, 

fatal  118  head  (3,  229, 

230,  231,  232). 

1954      Tokyo,  Chiba 

Prefecture  Commercial  food.  -Aipergilltu 

oryzae  var. 

microspores  do  Fatal  poisoning  40  head  (18,  19, 

24) 

1 954  Japan   Overseas  rice  Putrefied  and 

to  toxic   135,000  tons  of 

1 955  rice    Made  imposible  to 


dietary  ration. 

1954      Osaka  Oats  from 

 Gibberella  vat  Horse  .   _   Supply  forbidden. 


1955      Hoya,  Tokyo  Rice  land  crop  G.  vat  and 

F.  nivalt  Human  -  Vomiting  30  persons  (162, 

1955      Ibaragi,  Tochigi,  ^ 
Kanagawa, 
Kochi— 

Prefectures  do  Gibberella  vat   do  do  4  families  (162, 

164). 

1960  Metropolitan 

Police  Bureau.  .  .Cooked  rice  Penicillium 

citrinum  do  .Fever,  benumbed..  1  family 

1963  Nagano 

Prefecture  Commercial  food .  .Penicillium 

islcmdicum  Chick  Fatal  .2,891  head  (178). 

1963      Tokachi  area, 

Hokkaido  Corn   Cibberella  vat  Sheep   do. .  -  30  to  40  head. 


petri  dishes  incubating  at  temperatures  of  25°  to 
28°  C.  for  20  days.  In  the  case  of  Czapck  solution 
medium,  stirred  cultivation  or  tank  culture  are  not 
recommended  if  one  wishes  to  successfully  obtain  tox- 
icity equal  to  those  obtained  from  the  direct  rice 
inoculation  method. 

In  1950,  an  experiment  was  performed  by  the 
author  with  rats  fed  a  diet  containing  46.5  percent 
artificially  infected  rice.  Autopsy  of  the  rats  dead 
after  36  to  40  days  of  the  feeding  revealed  cirrhotic 
livers,  suggesting  firstly,  the  development  of  the  liver 
cirrhosis  by  toxic  metabolites  of  Penicillium  islandi- 
cum  (2,  46,  78,  79,  80,  81,  82,  83,  143,  144,  146).  Some 
of  the  pathologists  doubted  the  observation  ol  liver 
cirrhosis  at  that  time.  However,  the  experiment  was 
repeated  by  the  author  with  rats  fed  a  diet  containing 
10  percent  moldy  rice  and  again  the  development  of 
liver  cirrhosis  occurred  within  100  days.  Extensive 
studies,  with  cooperation  of  chemists,  toxicologists, 


and  pathologists  in  Tokyo,  have  been  performed  on 
acute  and  chronic  toxicities  of  this  fungus  since  1952. 
Two  toxic  metabolites  were  isolated,  luteoskyrin  and 
a  chlorine-containing  peptide.  Luteoskyrin  (88,  89) 
caused  centrolobular  necrosis  of  the  liver  in  both  rats 
and  mice.  The  peptide  was  also  the  hepatotoxin 
causing  the  damage  in  the  perilobular  areas  of  the 
liver.  Long-term  feeding  of  both  metabolites  as  well 
as  moldy  rice  infested  with  Penicillium  islandicum  in- 
duced liver  tumors  in  rats  and  mice  (2,  37,  38,  79,  80, 
81,  82,  83,  85,  86,  87,  88,  89,  105,  106,  107,  108).  Diagnos- 
tic and  histological  changes  toward  malignancy  in 
the  liver  were  found  to  be  fatty  infiltration  of  the 
liver  and  cirrhosis  when  poisoned  by  any  one  of  the 
strains  of  the  flavoskyrin  type  or  islandicin  type,  while 
those  changes  induced  by  the  erythroskyrin  type  led 
to  fatty  liver  and  centrolobular  necrosis,  thus  yielding 
variations  in  toxicity  characteristics  among  the  strains 
(fig.  2). 
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Table  7.— Types  of  Penicillium  islandicum  classified  by  the  produced  substances 


P.  islandicum 


Flavoskyrin  type  (NRRL1 175). 
Colony:  yellowish  orange. 
Reverse:  yellowish  orange. 

Islandicin  type  (generally 
develops  in  high 
frequency). 

Colony:  orange. 

Reverse:  reddish  brown. 


Erythroskyrin  tvpe  (turkish 
Japanese  rice). 

Colony:  dark  orange- 
greenish  gray. 
Reverse:  dark  brownish  gray- 
yellowish  orange. 


Chrysopkanic. 

Skyrin. 

Flavoskylin 

Islandicin. 
Rubroskyrin 
iridoskyrin. 
Catcnarin. 

Luteoskyrin 
Skyrin. 

Erythroskyrin. 
f  Erythroskyrin. 
i(Rubroskyrin). 


toxic. 


toxic. 


Chlorine 
containing  peptide, 


OB  o 


•W-CH  -CKpH 


co-cil-ch-to-co  ■ 


a 


Ct  CI 
S."1»ru»o<l959) 


K.SuIum.  S.Seo 

B  .lobajaaM ,  T  .QglbMr* 

4.  S.SMkat* 

Utt»r»(19«81 


ft  «?« 

-CH-C01H-CH-CO  CMorU-eoHlnm 

i  r 

OC-CH-M-CO-CH-W^ 


(120). 


Penicillium  citrinum  Thorn;  Thailand  yellowed 
rice  (49,  148,  HI,  /92).-Rice  imported  into  Japan 
from  Thailand  around  1951  had  been  found  to  be 
contaminated  with  the  mold,  hence  this  current  desig- 
nation. The  rice  injured  by  the  mold  reveals  yellowish 
coloration  over  the  whole  surface  of  the  grain  or 
yellowish  spots,  and  the  colored  part  gives  yellow 
fluorescence  under  exposure  to  ultraviolet  radiation. 

The  organism  is  characterized  by  a  deep  bluish- 
grccn  velveteen  colony,  brown  in  the  central  areas, 
with  a  yellow  pigment  which  crystallized  out  at  the 
reverse  of  the  colony.  It  yields  the  citrinin  reaction 
with  hydrochloric  acid  and  Lugol's  solution  giving  a 
deep  reddish  brown  color. 

In  order  to  prepare  an  artificially  diseased  rice 
with  this  mold,  it  is  necessary  to  use  well  polished 
rice  and  to  supply  sufficient  water  for  production  of 
citrinin.  When  those  optimal  conditions  are  fulfilled, 
yellow-disease  rice  can  be  obtained  at  25°  C.  after  48 
hours'  incubation.  Oral  administration  of  a  diet  con- 
taining 10  to  30  percent  of  diseased  rice  killed  all  the 


experimental  rats  within  3  months.  The  cause  of  death 
was  due  to  renal  necrosis,  accompanied  by  swelling 
of  the  kidney  {109,  110,  111).  Urinary  excretion  was 
2.5  fold  the  normal  rate.  Dilatation  of  the  renal  tubules 
occurred  because  of  incapability  of  removal  of  ac- 
cumulated water.  A.  terreus,  A.  Candidas,  P.  implication 
and  P.  citreoviridt  produce  citrinin  (fig.  3). 


CH3CH3 


Raistrick  (1935) 

A. terreus  Thorn 
A. .  candi.ius  Link 
P.lmtlicatum  Biourge 
P.C^  treo-viride  Biourge 


(120). 


Penicillium  frrunnettm  Udagawa(  172,  173,  174). — 

Among  Penicillium  species,  a  considerable  number 
produce  rugulosin.  Many  of  these  are  species  classified 
in  the  Biverticillata-Symmetrica  group;  namely,  P. 
brunneum,  P.  wortmanni,  P.  rugtdosum,  P.  concavo-regu- 
losum,  and  P.  tardum.  P.  brunneum  was  found  by  Dr. 
Shinichi  Udagawa  in  imported  rice.  It  is  also  con- 
sidered to  be  present  in  Japan  judging  from  the  fact 
that  it  was  isolated  by  the  author  from  a  sample  of 
rice  cake  made  of  Japanese  rice  (176). 

The  colony  of  P.  brunneum  is  velveteen,  yellow- 
orange  or  grayish  brown,  unsmooth  surface,  dull 
yellow-orange  reverse.  This  species  is  the  most  copious 
producer  of  rugulosin  among  the  rugulosin  producing 
strains. 
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Artificially  diseased  rice  could  be  obtained  by  this 
strain  by  inoculation  into  rice  with  a  moisture  content 
of  16  to  20  percent  and  incubation  at  15°  to  28°  C. 
for  20  days.  The  diseased  rice,  thus  obtained,  revealed 
dark  yellowish  brown  coloration.  It  was  used  in  the 
animal  test  as  dried  ground  powder.  Incorporating 
the  toxic  powder  as  10  percent  of  the  diet,  killed  one- 
third  of  the  experimental  mice  within  50  to  100  days. 
Another  one-third  died  within  100  to  200  days  and 
the  rest  died  within  300  to  400  days.  A  fine  granular- 
ity was  observed  in  the  livers  of  those  animals  which 
survived  longer  than  100  days.  An  unsmooth  surface 
of  the  interior  liver  partition,  utterly  reformed  liver, 
ascites,  and  renal  necrosis  were  observed  in  some 
cases  of  those  which  had  survived  300  to  400  days. 
Fatty  degeneration  in  the  liver  was  observed  in  those 
dying  acutely;  this  was  accompanied  by  cell  infiltra- 
tion at  the  periportal  area. 

Those  chronically  poisoned,  having  survived  more 
than  150  days,  revealed  the  following  diagnostic  signs 
and  histological  characters:  connection  of  the  cell  in- 
filtration change  between  the  periportal  areas  or  cell 
infiltration  between  periportal  and  central  areas  in 
the  advanced  cases,  no  fibrosis  variety  in  size  of  nuclei 
of  the  liver  cells  or  considerable  proliferation  of  the 
bile  duct.  These  variations  are  nearly  identical  to 
those  obtained  in  the  poisoning  cases  by  luteoskyrin. 
More  severe  changes  were  observed  in  the  renal  tissue 
than  in  the  liver  when  the  experimental  rats  were 
administered  a  diet  containing  dried  mold,  cultivated 
in  Czapek  solution,  incorporated  as  50  per  1,000  to 
25  per  1,000  parts  of  the  diet.  The  manner  of  the 
changes  and  damages  observed  in  the  kidney  were 
found  to  be  identical  to  those  observed  in  citrinin 
poisoning  cases  (fig.  4). 

Studies  on  the  Toxicity  of  Scab, 
Fusarium  Blight  (26,  27,  34,  50,  51,  59) 

Damage  caused  by  Fusarium. — The  damage 
caused  by  this  organism  in  wheat,  barley,  oats,  rye, 
and  other  crops  is  worldwide.  Extraordinary  damage 
was  reported  in  1901  from  Hokkaido,  in  1914  from 
around  the  Kanto  district  and  in  1963  from  all  the 
western  Japan  proper  when  the  production  of  wheat 
and  other  crops  was  reduced  to  half  of  the  usual 
crops.  In  Japan,  when  the  long  rainy  spring  season 
fell  during  the  harvest  time  of  wheat,  barley  and 
other  crops,  greater  damage  by  this  mold  was  re- 
corded. No  method  to  prevent  it  had  been  devised. 

Even  when  the  gross  statistical  crop  of  wheat  and 
other  crops  show  a  normal  level,  damage  by  this 
mold  to  rice,  wheat,  maize  corn,  oats  and  to  some 
kinds  of  feed  grass  have  been  reported  from  every 
district  of  this  country. 

Fusarium  damage  is  depicted  in  the  map  of  Japan 


(-Orugulosln 


OH    0  0H 


P.  ruruloaua  Thou 

^■'■ar-jjnnl  »:incK»r  f.Kobajr»e»:l,T.0gib«r», 

J.eoncaTO-runulloaua  Atx.  d.  S.Shlbata, 

f  .'.ardun  Thou  Tetrahedron  Lett«rs(  I968> 

Figure  4.-Ruguk»in  (120). 

as  reported  by  Dr.  Giichi  Xishikado  in  1958  (96,  97, 
98).  Kyushu,  Shikoku,  Kinki,  Tokai,  Aomori  Prefec- 
tures and  Hokkaido  are  areas  of  high  frequency  (fig. 
5).  To  explain  the  fact  that  Japan  is  plagued  by 
Fusarium  damage  to  a  greater  degree  than  most  other 
countries,  some  investigators  assume  a  flight  of  Fusari- 
um spores  from  the  continent  by  the  seasonal  winds. 

Difficulties  exist  due  to  the  fact  that  the  products 
injured  by  this  mold  do  not  show  stable  toxicity  when 
supplied  to  human  or  livestock. 

Classification  of  Fusarium  group.— Classifica- 
tion of  this  group  involves  great  complexity.  It  in- 
cludes more  than  1 00  species  and  sub  species  according 
to  H.  W.  YVoHcnwcbcr  and  O.  A.  Rinkin's  classifica- 
tion system  (225)  which  is  based  on  parasitism  of 
plant  hosts  (table  8).  W.  C.  Synder  and  N.  H.  Hansen 
have  proposed  another  classification  system  on  a 
morphological  basis  which  includes  approximately 
100  different  species. 

Fusarium  found  in  rice,  wheat  and  other  crops 
produced  in  Japan. — Inspection  of  Japanese  domes- 
tic rice  reveals  F.  graminearum  to  be  found  with  the 
highest  frequency,  followed  by  F.  fujikuroi,  F.  nivale 
and  F.  kuhunii.  In  wheat  and  other  crops  F.  graminearum 
also  in  the  highest  frequency,  followed  by  F.  nivale,  F. 
poae,  F.  oxysporum,  in  that  order. 

As  already  stated,  extraordinary  damage  occurred 
in  the  western  districts  of  Japan  in  1963.  At  that  time 
the  damage  was  compounded  because  the  injured 
products  had  been  fed  to  livestock  resulting  in  severe 
poisoning  and  even  deaths.  The  Agricultural,  Fores- 
try, and  Fisheries  Research  Council  ordered  investiga- 
tions on  the  tolerance  of  various  kinds  of  livestock 
to  the  toxin  derived  from  the  Fusarium-damaged 
crops,  and  investigations  on  the  permissablc  degree  of 
mixing  such  crops  into  feeds  and  on  nature  of  the 
toxic  substance  involved. 

After  isolation  of  strains  from  a  wheat  sample  ob- 
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Figure  5.— Distribution  of  fusarium  damages  in  wheat  and  barley.  Fu  sari  urn  positive  area  of  Japan. 


tained  in  Kumamoto  Prcfcctural  Laboratory  of  Agri- 
culture (Kyushu),  F.  graminearum  and  F.  nivale  were 
found  by  the  author  and  others.  Dr.  Tominaga  of  the 
Agricultural  Engineering  Research  Station  also  iso- 
lated 61  strains  of  F.  graminearum  from  the  wheat 
samples.  Subsequent  toxicity  screening  tests  were  per- 
formed on  all  of  these  strains. 

Screening  of  toxic  strains. — Polypcptonc  (10  g.) 
and  yeast  extract  (5  g.)  (Difco)  were  added  per 
one  liter  of  C7apek's  solution.  Toxicity  was  determined 
by  parenteral  injection  of  mice  with  0.5  ml.  of  the 
culture  per  10  g.  body  weight.  The  following  results 
were  obtained:  Three  strains  killed  the  test  mouse 
within  24  hours.  No.  36  and  Oita  No.  7  (Xokcn, 
Agricultural  Research  Laboratory)  belonging  to  F. 
graminearum  and  F.  nivale  (F.  n-2)  strains  No.  55  of  F. 
graminearum,  Tokuho  No.  2,  Hiroshima  No.  6,  Atsugi 
"W"  No.  20,  T.  No.  21  and  Ishii  No.  26  yielded 


culture  fluids  which  did  not  kill  the  mice  but  caused 
extraordinary  congestion  of  the  ear  auricle  of  the 
animals. 

Selection  of  the  strains  which  were  to  be  subjected 
to  the  toxicity  test  was  based  on  the  fact  that  strain 
F.  n-2  had  copious  conidia,  which  was  preferable  to 
r,  graminearum  which  had  few  conidia  on  liquid  media. 
F.  graminearum  toxicity  will  be  studied  using  the  same 
technic  derived  by  experience  with  F.  n-2  from  wluch 
the  toxic  substance  will  have  been  purified. 

Survey  of  studies  on  Fusarium  toxicity. — Cooked 
rice  is  the  Japanese  staple  food.  It  is  considered  prob- 
able that  every  Japanese  national  consumes  some  Fu- 
sarium contaminated  rice.  The  result  of  inspection 
for  Fusarium  contamination  of  205  domestic  rice 
samples,  obtained  from  many  places  and  covering 
all  of  Japan's  districts,  showed  the  following.  The 
maximum  contamination  rate  was  as  high  as  39.5  per- 
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cent  in  third-class  rice;  only  nine  samples  were 
1  negative  among  the  205  samples  conducted.  Third- 
class  wheat  in  1958  had  the  highest  contamination 
rate  among  the  wheat  inspected,  77  percent  of  samples 
showed  contamination;  among  176  samples  only  39 
were  negative.  About  1959,  the  inspection  section  of 
the  food  agency  concerned  itself  with  the  permissible 
level  of  contamination  which  could  be  allowed.  A 
mixing  rate  of  5  percent  by  visible  inspection  was 
decided  on  as  being  permissable.  As  suggested  by 
poisoning  cases,  the  toxicity  in  normal  consumption 
is  not  excessive,  but  judging  from  the  described  re- 
sults of  the  examinations  for  contamination,  it  is  con- 
sidered that  Japanese  nationals  consume  some  infected 
grains  in  every  meal. 

F.  graminearum  (99,  101)  also  could  be  involved  in 
accidental  poisoning.  However,  the  chronic  nature  of 
the  toxicity  makes  research  more  difficult,  as  observed 
in  the  already  mentioned  case  in  sheep  in  Hokkaido 
(Tokachi  district)  where  the  toxic  damage  was  dis- 
closed only  after  parasitized  maize  corn  had  been 
supplied  as  feed  for  half  a  year. 

Studies  on  the  Toxicity  of  Fusarium  nivale 
(162,  164,  ;7°)-Morphology  of  isolated  strains.  The 
colony  of  the  strain  obtained  in  Kumamoto  Prefec- 
tural  Laboratory  of  Agriculture  in  1963  from  an  in- 
jured wheat  grain  was  floccosc,  pink  colored,  with  the 


reverse  eluting  a  purple  pigment.  The  conidia  were 
crescent-shaped  or  spindle-shaped,  3.5  to  4.5  x  10  to 
31  microns  in  size,  with  zero  or  three  septa  and 
attached  at  the  top  of  one  or  three  sterigmata,  extend- 
ing from  twiglikc  branches  of  conidiophores  (fig.  6). 
These  characters  were  found  to  be  completely  identi- 
cal to  the  referral  strain,  F.  nivale  NRRL  3249, 
obtained  by  courtesy  of  Dr.  C.  W.  Hcsseltine.1 

Relationships  between  the  kind  of  the  medium 
and  its  toxicity.— Toxicity  of  this  strain  was  found  to 
be  unstable  when  cultivated  in  Czapek's  medium 
when  peptone  and  yeast  extract  were  added.  A  sta- 
tionary culture  was  preferable  to  an  agitated  culture. 
Because  of  circumstances  and  convenience  for  collabo- 
rative work,  it  was  decided  to  use  material  extracted 
from  cultures  cultivated  on  rice  for  this  study.  Strength 
of  the  produced  toxin  was  compared  with  toxins  pro- 
duced on  a  variety  of  other  kinds  of  hosts  including 
strain  F.  n-2  artificially  inoculated  onto  wheat,  oat, 
corn,  naked  barley,  and  soybean.  The  length  of  the 
survival  period  of  experimental  rats,  fed  F.  n-2  in- 
fested rice  as  80  or  50  percent  of  their  diet,  was 
measured.  As  depicted  in  figure  7,  the  strongest 
toxicity  and  the  least  deviation  of  the  length  of  the 
survival  period  were  obtained  in  the  case  of  rice 

■f*.  mvatt  NRRL  3249  wu  identified  by  Dr.  EUis.  According  to  a  persona! 
communication  from  Dr.  C.  W.  HeaeHne^(RR1^3249  u  clawined  ai  an  ab* 
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grown  cultures.  From  this  evidence,  the  original  host 
of  the  toxin-producer  used  in  this  experiment  was 
thought  to  have  been  rice. 

Hort  rice  •pecification.— Rice  grain,  polished  to 
%  percent  yield  (2  percent  of  unpolished  rice  grain 
removed),  was  immersed  in  tap  water  for  30  minutes. 
Cultivation  flasks  (450  ml.  capacity)  were  filled  with 
300  ml.  of  the  wet  rice  from  which  almost  all  water 
had  been  removed.  The  flasks  were  cotton  stoppered, 
sterilized  in  the  autoclave  at  15  lb.  for  20  minutes. 
After  cooling,  strain  F.  n-2  was  inoculated,  mixed 
well  (by  hard  shaking)  and  incubated  at  25°  to  27° 
C.  for  20  days  and  ground  to  a  toxic  rice  flour.  The 
flour  was  subjected  to  further  extraction  of  the  toxic 
substance. 

Toxicity  of  the  artificially  molded  rice.— The 

results  are  shown  in  fig.  8.  The  survival  period  of  rats 
fed  a  diet  containing  50  percent  toxic  rice  was  found 
to  be  8  to  40  days;  those  fed  25  percent  toxic  rice 
died  at  56  to  90  days.  Rats,  receiving  toxic  rice  as  10 
percent  of  the  diet,  survived  to  the  end  of  the  experi- 
ment at  187  days.  Considerable  toxicity  can  be 
assumed  because  of  a  difference  in  body  weight  of 
60  g.  from  those  of  control  rats  fed  a  normal  diet. 

Toxin  extraction.— The  toxic  rice  thus  prepared 
was  washed  with  acetone  for  8  hours.  Acetone  did 
not  elute  out  toxic  substances.  The  acetone  extracted 
residue  was  immersed  in  50  percent  alcohol  at  45°  C. 


for  1  to  2  days.  After  filtration  and  concentration  of 
the  alcohol  extract  in  vacuo  at  80°  to  90°  C,  the  crude 
toxic  substance  thus  obtained,  killed  the  experimental 
mice  at  a  dosage  of  10  to  20  mg.  Further  refinement 
of  the  process  was  devised  by  Drs.  T.  Tatsuno  and 
N.  Morooka.  They  obtained  a  substance  which  dif- 
fered in  its  toxic  nature  from  that  reported  by  GUgan 
(1966),  Yates  (1967),  or  Dawkins  (1966),  so  the  sub- 
stances were  termed  nivalenol  and  fusarenon. 

Histological  study. — The  items  which  are  to  be 
described  arc  also  reported  by  Dr.  M.  Saito  in  these 
proceedings.  Main  histological  findings  consisted  of 
marked  injuries  in  the  proliferating  cells  of  the  in- 
testinal epithelium,  hematopoietic  tissues  in  the  bone 
marrow,  spleen,  thymus,  and  lymph  node.  Cases  of 
sheep  deaths,  especially  well  bred  ones,  often  reported 
from  Hokkaido  might  have  been  attributed  to  this 
toxin,  if  a  risky  assumption  is  permitted.  No  matter 
how  small  the  daily  dose,  if  this  substance  was  con- 
sumed by  a  human  for  presumably  60  years,  there 
might  be  some  unfavorable  influence.  Moreover, 
through  the  progress  of  the  studies  on  F.  n-2  and  F. 
graminearum,  it  is  possible  that  the  causes  of  unac- 
countable leukemia,  associated  diseases  of  the  bone 
marrow,  inflammation  or  cancer  of  the  digestive 
tracts  might  be  disclosed.  Thus,  the  research  group  to 
which  the  author  belongs  has  started  its  work  with 
great  hope. 
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Figure  8.— Rat  experiment  of  fusarium  (F.  n-2)  inoculated  rice. 
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MYCOTOXICOSES  ASSOCIATED  WITH  MOLDY  CORN 
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Summary 

Toxicosis  in  farm  animals  after  ingestion  of 
moldy  corn  is  an  irregularly  occurring  problem  of 
long  standing  in  the  Midwestern  United  States.  Toxin 
producing  strains  of  Aspergillus  Jlavus,  Alternaria  tenuis, 
Cephalosporium  sp.,  Epicoccum  nigrum,  Fusarium  monili- 
forme,  F.  roseum,  F.  tricinctum,  Paecilomyces  varioti,  Tri- 
choderma  lignorum,  and  Trichothecium  roseum  arc 
frequently  isolated  from  such  corn.  Certain  of  the 
isolates  of  F.  roseum  from  moldy  corn  produce  the 
estrogenic  compound  zearalenone  (RAL).  Stob  et  al. 
(45),  Christcnscn  ct  al.  (70)  and  Mirocha  ct  al.  (32) 
have  shown  this  compound  to  be  the  cause  of  the 
vulvo-vaginitis  phase  of  the  problem.  Several  of  the 
other  fungi  produce  toxic  spirocpoxy  mctaboltics 
called  trichothecanes.  Isolates  of  F.  tricinctum  produce 
diacctoxyscirpenol  (3-hydroxy-4,  15-diacetoxy-12 
13-epoxy-A9-trichothcccnc)  and  T-2  toxin  (3-hy- 
droxy-4,15-diacetoxy-8-(3-methylbutyryloxy)  12, 
13-epoxy-A9-trichothecene)  as  their  major  toxic 
metabolites.  Certain  isolates  of  F.  roseum  also  produce 
diacetoxyscirpenol.  Trichotlucium  roseum  and  Tricho- 
derma  lignorum,  respectively,  arc  known  to  produce 
the  similar  compounds  trichothecin  (4-isocrotonyloxy 
(-12,  13-epoxy- A9-trichothecene-8-one)  and 
trichodcrmin  (4-acetoxy  (-12,13-e  p  o  x  y  -A0  - 
trichothecene)).  One  Wisconsin  isolate  of  T.  lignorum 
also  produced  small  quantities  of  T-2  toxin.  Certain 
species  of  Cephalosporium  are  known  to  produce  the 
toxic  spirocpoxy  metabolite  crotocin  (4-'socroto- 
nyloxy-7,8;  1 2, 1 3-dicpoxy- A9-trichothccenc).  The 
acute  oral  LD50  of  crystalline  T-2  toxin  was  4 
mg./kg.  in  rats  and  6.5  mg./kg.  in  trout.  Sublethal 
and  lethal  doses  in  rats  caused  increases  in  blood 
clotting  and  prothrombin  times.  Heart  rate  and  blood 
pressure  in  rats  following  lethal  or  sublethal  doses 
first  dropped  below  normal,  then  increased  above 
normal  and  gradually  declined.  Respiration  rates 
followed  similar  patterns.  Resting  metabolic  rates 
decreased  in  both  sublethal  and  lethal  doses.  Low 
dose,  long  term  feeding  trials  with  T-2  toxin  did  not 
induce  cancer  in  rats  or  trout. 

Introduction 

The  development  of  toxicosis  in  farm  animals  after 


ingestion  of  moldy  corn  (£ea  mays  L.)  is  an  irregularly 
occurring  problem  of  long-standing  importance  in  the 
United  States  and  elsewhere  (2,  3,  6,  8,  12,  16,  20,  21, 
35,  41).  The  problem  has  become  particularly  impor- 
tant in  Wisconsin  and  other  Midwestern  States  in 
recent  years,  and  severe  outbreaks  have  occurred  in 
association  with  the  1962,  1964,  and  1965  corn  crops 
(/,  10,  11,  13,  22,  43).  lesser  outbreaks  have  occurred 
sporadically  in  other  years.  These  problems  have 
been  primarily  associated  with  corn,  late-to-mature, 
and  high  in  moisture  at  the  time  of  the  first  killing 
frosts  (28).  This  corn,  when  stored  in  conventional 
cribs  without  artificial  drying  is  often  quite  moldy  by 
early  spring.  The  general  moldy  corn  problem  has 
been  the  subject  of  several  recent  comprehensive  re- 
views (8, 18, 19,  20,  21),  and  this  review  will  not  include 
many  of  these  subjects  except  as  they  relate  to  our 
moldy  corn  problems  in  Wisconsin  and  the  Mid- 
western United  States. 

Animal  Symptoms 

A  variety  of  animal  problems  with  a  multitude  of 
symptoms  has  been  observed  in  association  with  inges- 
tion of  such  moldy  corn.  For  example,  in  an  outbreak 
year,  one  can  expect  many  cases  of  vulvo-vaginitis  in 
swine  and  particularly  in  the  young  gilts.  Symptoms 
of  this  problem  include  enlarged  and  elevated  vulvae, 
enlarged  mammary  glands  and  in  severe  cases,  pro- 
lapse of  the  vagina  and  death.  Similar  associated 
estrogenic  effects  in  swine  and  cattle  may  often  include 
abortion  and  infertility.  Another  equally  widespread 
part  of  the  problem  complex  includes  general  digestive 
disorders  in  various  farm  animals  accompanied  by 
diarrhea,  often  bloody,  milk  reduction,  unthriftiness, 
lack  of  weight  gain  and  general  feed  refusal.  Cases  of 
nervous  twitching,  encephalitis,  or  lcuco-cnccphalo- 
malacia  and  death  arc  less  common,  but  occur  oc- 
casionally. In  still  other  cases,  the  death  of  the  farm 
animals  is  not  accompanied  by  obvious  symptoms. 
Another  major  problem  associated  with  ingestion  of 
moldy  corn  is  death  of  the  farm  animal  as  the  result 
of  massive  hemorrhagic  lesions  in  the  stomach,  heart, 
intestines,  lungs,  bladder,  and  kidneys.  These  symp- 
toms probably  constitute  the  hemorrhagic  syndrome 
as  described  by  Forgacs  (18,  19,  20),  Albright,  et  al. 
(7),  and  others  (40,  41)  (fig.  \). 
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Figure  1.— Lethal  hemorrhagic  lesions  developing  in  a  pig  following  ingestion  of  moldy  corn. 


Estrogenic  Syndrome 

Several  authors  have  reported  a  condition  in  female 
swine  ingesting  moldy  feeds  resulting  in  a  swelling  of 
the  vulva  and  subsequent  prolapse  of  the  vagina. 
McXutt,  et  al.  (35)  first  reported  the  condition  which 
they  called  vulvovaginitis  from  Wisconsin  in  1928. 
McErlean  (34)  in  Ireland  reported  a  similar  condition 
and  postulated  that  the  syndrome  was  caused  by  an 
estrogen  produced  by  molds  in  the  feeds. 

Christensen  et  al.  (10)  described  the  "estrogenic 
syndrome"  in  swine  in  detail.  They  indicated  that 
affected  swine  develop  swollen,  edematous  vulva  in 
the  young  females,  while  testes  of  the  young  male 


pigs  become  shrunken.  Enlarged  mammary  glands 
arc  present  in  the  young  of  both  sexes  and  abortion 
often  occurs  in  pregnant  sows.  The  condition  and 
causal  agent  has  been  studied  in  detail  by  Stob  et  al. 
(45),  Christensen  et  al.  (10),  Urry  et  al.  (47)  and 
Mirocha  et  al.  (32). 

Stob  et  al.  (45)  reported  the  purification  of  a  metab- 
olite from  Gibberella  Zfoe  (F.  roseum  'graminearwri)  ex- 
hibiting anabolic  and  marked  uterotropic  activity. 
During  1957-58  they  observed  seven  widely  separated 
swine  herds  showing  vulval  hypertrophy  and  oc- 
casional vaginal  cversion  along  with  prominent  mam- 
mary glands  in  both  sexes.  This  condition  was 
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reproduced  in  4  days  in  pigs  fed  corn  infected  with 
Gibbrrella  zeae. 

The  active  fungal  metabolite  proved  to  be  6-(l0-hy- 
droxy-6-oxo-l-unidcccnyl)  beta  rcsorcylic  acid  mu 
lactone  (fig.  2),  named  zearalenone  (47). 


H, 


Figure  2.— Zearalenone  [6-(10-hydroxy-6-oxo-lHinidecenyl) 
lie  acid  mu  lactone],  the  toxin  from  < 
zeae  causing  vulvo-vaginitis. 


This  work  has  been  confirmed  by  Christensen  et 
al.  (10)  and  Mirocha  et  al.  (32)  who  indicate  that 
evidence  is  now  conclusive  that  the  "estrogenic 
syndrome"  is  caused  by  eating  grains,  especially  in- 
vaded by  certain  strains  of  F.  roseum  'graminearum'  (G. 
zeae).  They  found  that  a  period  of  low  temperature, 
or  alternating  moderate  and  low  temperatures  is 
necessary  for  the  production  of  the  toxin.  Mirocha 
(32)  confirmed  that  their  compound  (F-2)  was  identi- 
cal to  the  previously  described  zearalenone. 

Mirocha  et  al.  (33)  found  that  purified  zearalenone 
when  injected  into  white,  weanling,  virgin  female 
rats  resulted  in  an  increase  in  fresh  weight  of  utcru* 
with  increasing  doses  giving  increased  response. 
Uterus  fresh  weights  three  times  greater  than  the 
controls  developed  when  650  ng.  of  the  compound 
was  administered  over  a  7-day  period.  Little  or  no 
effect  was  noted  below  the  20  jig.  dose.  Animals  given 
40  jig.  over  die  same  period  doubled  their  body 
weights.  Higher  doses  gave  no  further  growth  in- 
creases. In  other  studies  (33)  these  same  workers 
showed  that  the  compound  was  produced  most  abun- 
dantly in  pure  culture  if  the  culture  was  given  a  12° 
C.  cold  treatment  prior  to  incubation  at  higher 
temperatures.  No  zearalenone  was  produced  in  pure 
culture  at  25°  C.  No  real  difference  in  production 
was  obtained  when  cither  corn  or  rice  was  used  as  a 
substrate. 

More  recently,  zearalenone  has  been  shown  to  play 
a  striking  role  in  the  production  of  pcrithecia  by  F. 
roseum  and  other  fungi  (9,  15,  38).  High  concentrations 
of  the  compound  in  the  culture  media  limit  perithecial 
production  in  many  fungi,  while  low  concentrations 
cause  stimulation  of  perithecial  production.  Single 
ascosporc  isolates  of  F.  roseum  which  readily  produce 
perithecia  produce  less  zearalenone  in  culture  than 
those  not  producing  perithecia  (15). 


The  role  which  zearalenone  and  other  recently  dis- 
covered compounds  (33)  may  play  in  the  infertility 
and  abortion  problems  in  catde  and  other  farm 
animals  has  not  yet  been  established. 

Toxin  Producing  Fungi 

Peniciliium  rubrum  from  moldy  corn  has  been  associ- 
ated with  a  hemmorrhagic  disease  in  swine  and  other 
animals  in  the  southern  United  States  (6",  20,  41).  A. 
flavus  has  also  been  implicated,  but  these  results  seem 
doubtful  since  the  animal  symptoms  which  developed 
were  atypical  of  those  presently  understood  as  typical 
symptoms  of  aflatoxicosis  (8,  49).  Recendy,  however, 
Cysewski  et  al.  (13)  in  studies  with  pigs  using  purified 
and  crude  anatoxin  preparations  found  that  doses  of 
2  to  3  mg./kg.  aflatoxin  are  capable  of  causing  an 
acute  disease  in  young  swine.  They  indicated  that 
clinical  and  pathologic  changes  were  comparable  to 
those  in  naturally  affected  animals  reported  by  Sippel 
et  al.  (41).  Sisk  et  al.  (42)  were  not  able  to  produce 
such  drastic  changes  at  0.08  to  0.30  mg./kg.  Toxins 
of  P.  rubrum  were  parually  purified  by  Wilson  (48). 
Recently  rubratoxins  A  and  B  have  been  purified 
and  partially  characterized  (27,  36,  37,  46).  Toxin- 
producing  strains  of  .4.  flavus,  P.  cyclopium,  and  P. 
palitans  from  moldy  corn  have  been  associated  with 
the  hemorrhagic  syndrome  in  catde  in  the  northern 
areas  of  the  United  States  (1).  Another  hemorrhagic 
disease  in  poultry  has  been  associated  with  ingestion 
of  corn  containing  moldy  mixed  feeds  contaminated 
with  toxin  producing  isolates  of  A.  chevaliert,  A.  clavatus, 
A.  flavus,  A.jumigatus,  A.  glancus,  Paecilomyces  variati,  P. 
citrinum,  and  P.  rubrum  (18,  19).  Thus,  although  many- 
toxin  producing  fungi  have  been  associated  with 
hemorrhagic  diseases  in  farm  animals,  their  exact  role 
as  causal  agents  remains  unclear. 

Since  initiation  of  our  research  in  Wisconsin  on 
this  problem,  wc  have  isolated  a  great  diversity  of 
fungi  from  moldy  corn  samples  associated  with  severe 
animal  toxicity.  Although  there  was  considerable 
variation  in  the  species  of  fungi  isolated  from  different 
samples,  the  most  commonly  isolated  fungi  included: 
F.  moniliforme,  F.  roseum,  (Gibberella  zeae),  Epicoccum 
nigrum,  F.  tricinctum,  Trichoderma  lignorum,  Cladosporium 
herbarum,  Alternaria  tenuis,  Trichothecium  roseum,  Nigro- 
spora  sp.,  Paecilomyces  varioti,  Acromoniella  atra,  Papulo- 
spora  sp.,  (Melanospora  sp.)  A.  versicolor,  A.  flavus,  A. 
candidus,  A.  jumigatus,  P.  cyclopium,  P.  oxalicum,  P. 
rubrum,  and  several  members  of  the  Mucorales  includ- 
ing: Mucor  Jragilis,  Mucor  alternans,  Mucor  pusillus, 
Rhizopus  rhizopodiformis,  Absidia  corymbifera  and  others. 
Some  of  these  fungi  have  previously  been  recognized 
as  toxin  producers  (8). 

Pure  cultures  of  these  fungi  from  moldy  corn  were 
tested  in  a  variety  of  ways  to  determine  their  toxin 
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producing  potential  when  grown  on  various  culture 
substrates  over  a  range  of  temperatures.  Test  animals 
included  guinea  pigs,  rats,  mice,  cattle,  chickens  and 
ducks.  Assay  procedures  included  free  choice  oral 
feedings,  force  feedings,  skin  tests  and  intraperitoneal 
injections.  One  of  the  most  useful  testing  procedures 
made  use  of  topically  applied  pure  culture  concen- 
trates to  the  skin  of  unwounded,  shaved  laboratory- 
animals.  Pure  cultures  of  contaminated  moldy  feeds 
were  first  extracted  with  diethyl  ether  or  ethylacctatc 
and  after  solvent  evaporation  the  remaining  residues 
resuspended  in  olive  oil,  acetone,  cthylacetate  or 
dimethylsulfoxide  were  applied  at  approximately  5 
mg.  per  application.  The  results  of  the  skin  assay 
ranged  from  a  just  noticeable  skin  reaction  with  the 
formation  of  a  slight  scab  after  3  to  5  days  to  inflam- 
mation, hemorrhage,  and  heavy  scab  formation  in 
the  same  period.  Application  of  highly  toxic  concen- 
trates often  led  to  death  in  48  to  72  hours  with  little 
or  no  noticeable  skin  response  (fig.  3). 

It  was  interesting  to  find  that  of  the  many  fungi 
isolated  and  tested  for  toxin  production  only  a  limited 
number  proved  to  be  potent  toxin  producers  as  deter- 
mined by  the  skin  test.  Although  toxin-producing 
strains  of  Fusarium  roseum,  Trichothecium  roseum,  Fusarium 
moniliforme,  Nigrospora  sp.,  Epicoccum  nigrum,  Aspergillus 
flaius,  Papulospora  sp.,  Aspergillus  versicolor,  Trichoderma 
lignorum  and  others  were  present,  clearly  the  most 
active  toxin  producers  were  isolates  of  Fusarium  tricinc- 
turn  (table  1). 

Table  1.— Dermal  toxicity  on  albino  rats  of  residues  from 
ethyl  acetate  extracts  of  fungus  cultures  from  moldy  corn 


Number  inducing 


Severe 
reaction 


Isolates 

or 

Mild 

No 

Fungus  species 

tested 

death 

reaction 

reaction 

29 

22 

4 

3 

fusarium  roseum  

11 

0 

11 

0 

Tricolhtcium  roseum  

I 

1 

0 

0 

Fusarium  monilijormt  

10 

0 

10 

0 

4 

2 

2 

0 

2 

0 

2 

0 

3 

0 

2 

1 

Aspergillus  versieolor  

1 

1 

0 

0 

Trithoderma  lignorum  

3 

0 

2 

1 

■Value*  lor  dermal  toxicity  were  the  averaged  result*  from  2  treated 
rat*.  No  reactions  were  obtained  on  rats  treated  with  residues  from  ex- 
tracted sterile  culture  media. 


The  mouse  injection  test  revealed  in  addition  toxin 
producing  isolates  of  Cephalosporium  sp.,  Cladosporium 
herbarum,  Alternaria  tenuis,  Paecilomjxes  variola,  Helmintho- 
sporium  turcicum,  and  Uslilago  maydis.  Studies  by  Miro- 
cha,  ct  al.  (33)  revealed  that  the  most  commonly 


Figure  3.— Typical  skin  response  (lower  picture)  on  shaved 
albino  rat  following  topical  application  of  residues  of  ethyl 
acetate  extracted  toxic  fungus  culture.  The  other  animal  was 
treated  with  extracted  sterile  culture  media. 


isolated  toxin  producing  fungi  from  "corn,  feeds  and 
foods"  were  species  of  Alternaria,  Aspergillus,  Chaeto- 
mium,  Cladosporium,  Fusarium,  and  Penicillium.  More 
detailed  studies  were  carried  out  by  this  group  with 
toxins  produced  by  Chaelomium  globosum  from  corn 
and  from  commercially  manufactured  animal  feeds. 
Several  isolates  grown  on  moist  corn  killed  rats  in  4 
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to  5  days  after  the  rats  had  consumed  less  than  5  g. 
of  infested  corn  per  animal.  Symptoms  included  dis- 
turbance of  the  central  nervous  system,  coma  and 
deadi.  Gross  necropsy  lesions  consisted  of  subdural 
hemorrhage  and  hemorrhagic  enteritis.  The  Chaeto- 
mium  toxin  was  harmless  in  pigs.  The  toxin  has  not 
been  characterized  chemically. 

Factors  Influencing  Toxin  Production  by 
Fusarium  tricinctum 

Research  in  our  laboratory  at  the  University  of 
Wisconsin  has  been  concentrated  on  the  toxins  pro- 
duced by  Fusarium  tricinctum.  The  fungus  was  among 
those  most  commonly  isolated  from  corn  associated 
with  toxicity  and  appeared  to  produce  large  quantities 
of  a  potent  toxin.  Factors  influencing  toxin  production 
by  F.  tricinctum  were  studied  in  detail  in  order  to  pro- 
duce sufficient  crude  toxin  for  studies  on  the  chemical 
structure  of  the  toxins.  It  is  also  of  interest  to  note  that 
in  their  taxonomic  revision  of  the  genus  Fusarium, 
Snyder  and  Hanson  (44)  considered  that  all  species  in 
the  group  Sporotrichiella  of  die  older  classification 
system  of  Wollcnwcbcr  and  Reinking  (50)  could  be 
placed  in  the  single  variable  species  F.  tricinctum.  Thus 
our  F.  tricinctum  includes  such  species  as  F.  poae,  F. 
chlamydosporum,  and  F.  sporotrichioides.  This  is  of  parti- 
cular interest  since  in  the  years  following  World  War 
II  a  severe  toxicosis  developed  in  the  Soviet  Union 
when  humans  consumed  millet  which  had  been  al- 
lowed to  winter  under  the  snow.  Many  people  died 
from  this  disease  which  has  been  called  alimentary 
toxic  aleukia  (19,  29).  F.  sporotrichioides  was  considered 
one  of  the  principal  toxin  producing  fungi  in  this 
millet.  The  principal  symptoms  in  humans  after  inges- 
tion of  the  toxic  millet  were  anemia,  increased  clotting 
time,  hemorrhages  in  the  skin,  nose,  mouth,  and  gas- 
trointestinal  tract,  kidneys,  and  subsequent  death.  A 
purified  compound,  sporofusariogenin,  has  been  re- 
ported to  be  the  toxic  product  (39). 

Taxonomically,  the  F.  tricinctum  isolates  from  moldy- 
corn  appeared  to  be  closely  related  to  the  organisms 
suspected  of  causing  alimentary  toxic  aleukia  in  the 
Soviet  Union.  As  with  other  Fusarium  species,  F.  tri- 
cinctum exhibits  considerable  variation  between  iso- 
lates, and  indeed  between  single  conidial  isolates  from 
the  same  source.  All  isolates,  however,  produced  the 
characteristic  lemon  to  pear-shaped  microconidia 
diagnostic  for  F.  tricinctum  (fig.  4).  Regardless  of  the 
source  of  the  F.  tricinctum  isolate,  most  of  the  isolates 
produced  toxic  metabolites  which  could  be  detected 
using  the  rat  skin  assay  (table  2).  As  with  many  other 
mycotoxin-producing  fungi,  temperature  and  sub- 
strate markedly  influenced  the  degree  of  toxin  produc- 
tion (table  3)  (21).  Low  incubation  temperatures 
favored  toxin  production  in  liquid  culture.  At  higher 


temperatures  in  liquid  culture  less  toxin  was  produced 
and  after  long  incubation,  the  toxin  was  apparently- 
degraded. 


Figure  4.— Typical  microconidia  and  macroconidia  of  Fu- 
sarium tricinctum. 


Table  2.— Dermal  toxicity  of  residues  from  ethyl  acetate 
extracts  of  Fusarium  tricinctum  cultures  on  albino  rats 


Number  inducing' 


Severe 
reaction 

Number       or         Mild  No 


Source  tested      death    reaction  reaction 


Field  corn   17          16           I  0 

Sweet  corn  .  .  12            6           3  3 

Carnation   2           2           0  0 

Oats   2  110 

Sorghum   2           2           o  0 

Wheat   2  110 

Fescue   110  0 

Grass  hay   110  0 

Turf  grass   10  10 

Cranberry   110  0 


'Vulu.'«  for  ilrrtnnl  invi.itv  »«re  lh«>  averaged  result*  from  2  treated 
raw.  No  reactiom  were  obtained  on  ruin  treated  with  rroidue*  from  ei- 
tracted  sterile  culture  media. 

Toxin  Purification  and  Characterization 

Using  the  rat  skin  test  as  an  assay  tool  with  one 
isolate  of  F.  tricinctum  (B24  from  moldy  sweet  corn),  a 
purification  procedure  was  developed  which  yielded 
a  highly  toxic  crystalline  product  (21,  22).  This  com- 
pound proved  to  be  identical  with  a  sesquiterpenoid 
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Table  3.— Effect  of  temperature  on  toxin  production 
by  Fusarlum  tricinctum  (T-5)' 


Temperature  (C.) 

Time 


(weeks) 

o 

1  1 

•>{) 

i 

1.5 

2.5 

•2.5 

2 

1.5 

5.0 

2.0 

4 

5.0 

1.0 

1.0 

Gregories  liquid 

1 

0 

1.5 

1.0 

2 

2.0 

2.0 

1.5 

4 

5.0 

3.0 

3.0 

Gregories  liquid 
medium  (broth)  

1 

2.5 

3.0 

4.0 

2 

5.0 

3.0 

3.0 

4 

5.0 

2.0 

2.0 

•Tonicity  determined  by  1 

epical  applic 

utioiia  of  r 

oid  diethyl 

ether  extracted  culture,  on  shnrrd  albino  rata. 
•Skin  reactions  0  -  no  reaction;  5  -  death. 

4,15-diacetoxyscirp-9-en-3-ol  or  in  more  recent  no- 
menclature 3-hydroxy-4,  1 5-diacetoxy- 1 2, 1 3-epoxy  A9- 
trichothcccnc,  which  had  previously  been  isolated 
and  identified  by  Dawkins  ct  al.  (7,  14),  from  F.  scirpi 
and  F.  equiseti  (3)  (fig.  5). 


Figures.— Th«  structure  of  diacetoxyscirpenol  (B-24  toxin) 
[3-hydroxy-4,15-dlacetoxy-12,13-epoxy-A9-trfchothecene] 
from  Fusarlum  scirpi,  Fusarlum  equiseti  (both  F.  roseum), 
and  Fusarlum  tricinctum. 


After  a  time,  isolate  B24  lost  its  ability  to  produce 
extensive  amounts  of  toxin  and  was  discarded  in  favor 
of  a  more  potent  toxin-producing  strain  (T-2).  From 
this  strain  of  F.  tricinctum  a  second  pure  crystalline 
toxin  was  isolated  which  has  been  called  T-2  toxin. 
This  compound  was  shown  to  be  3-hydroxy-4,15- 
diacetoxy-8-(3-methylbutyryloxy)-12,13-epoxy-A9- 
trichothcccnc  (3,  4)  (fig.  6).  When  this  latter  strain  of 
F.  tricinctum  was  grown  at  temperatures  above  20°  C. 
another  toxic  metabolite,  4-Desacetoxy  T — 2  toxin 
was  produced  in  relatively  large  quantities  above  20° 
C.  (2). 

Isolates  of  F.  tricinctum  also  produce  a  still  different 
toxin,  a  butcnolidc  characterized  as  4-acetamido, 
4-hydroxy,  2-butcnoic  acid-Y-lactone  (51).  Apparently 


Figure  6.— The  structure  of  T-2  toxin  [3-hydroxy-4,15-diace- 
toxy-8-(3-methyfbutyryloxy)-12f13-epoxy-^*-trichothecene] 
from  Fusarlum  tricinctum. 


the  ratios  of  the  toxins  produced  by  the  T-2  isolate  of 
F.  tricinctum  are  dependent  upon  substrate,  with  high 
production  of  T-2  toxin  taking  place  on  soybean 
meal,  corn  steep  liquor  media  and  with  production  of 
the  butenolide  on  some  autoclavcd  small  cereals  or 
rich  agar  cultures  (43). 

Certain  species  of  Cephalosporium  are  also  known  to 
produce  the  trichothecene  crotocin  (4-isocrotonyloxy)- 
7,o-12,13-diepoxy-A°-trichothcnc  (23,  24,  26)  (fig.  7). 
The  structures  of  these  scirpene  or  trichothecene  (25) 
compounds  are  quite  interesting  in  view  of  the  fact 
that  other  fungus  species  associated  with  moldy  corn 
have  previously  been  reported  to  produce  similar 
compounds.  Certain  isolates  of  F.  roseum,  as  indicated, 
produce  diacetoxyscirpenol.  Trichothecium  roseum  and 
Trichoderma  lignorum,  respectively,  produced  the  similar 
compounds  trichothecin  (4-isocrotonyloxy- 
12,13-epoxy-A»-trichothecen-8-one)  (3,  17)  and 
trichodcrmin  (4-acctoxy- 1  2, 1  3-cpoxy-AB- 
trichotheccnc)  (3,  25)  (fig.  8).  When  the  double  bond 
of  T-2  toxin  is  removed  by  hydrogenation,  the  com- 


R  =  -CCH  =  CHCH3  CROTOCIN 
R=H  CROTOCOL 


Figure  7.— The  structure  of  crotocin  [4-(2-butenoxy)-7,8-12, 
13-diepoxy-^Mrichothecene]  from  Cephalosporium 

9 

R  =  CCH°CHCH*. 
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R  =  Ac  TRICHODERMIN 
R  =  H  TRICHODERMOL 


RORIDIN  C 


OOCCH=CHME 


T  R  I CHQT  H  EC I N [ 


Figure  8.— Trichothacanea from  fungi  associated  with  moldy 


pound  retains  its  animal  toxicity.  However,  when  the 
epoxide  ring  is  opened  to  obtain  the  compound 
3,  4,  8,  12,  15-pentahydroxy-A9-trichothecene,  it  be- 
comes nontoxic  (2).  Thus  the  toxicity  of  this  com- 
pound is  closely  associated  with  the  epoxy  ring. 

Trichothccin,  trichodermin  and  crotocin  have  not 
presendy  been  demonstrated  to  be  produced  by  iso- 
lates of  their  respective  fungi  from  moldy  corn.  Very 
recenUy  one  isolate  of  T.  lignorum  has  been  shown  to 
produce  small  quantities  of  T-2  toxin  (5). 

Animal  Studies 

The  crude  toxin  from  the  T-2  isolate  and  the 
crystalline  toxin  when  it  became  available  were  used 
in  animal  tests  to  determine  dose  effect  and  responses 
to  the  toxin.  Rainbow  trout  proved  to  be  extremely 
responsive  animals  and  the  acute  oral  LD50  for  the 
crystalline  T-2  toxin  was  about  6.1  mg./kg.  (30,  31) 
(fig.  9).  This  figure  was  possibly  too  high  because  of 
losses  in  the  water  during  feeding  (30). 

In  rats  the  LD50  of  the  crude  toxin  (frozen  dried 
cultures)  was  160  mg./kg.  orally  and  for  the  crystalline 
toxin  3.8  mg./kg.  The  toxin  in  concentrations  as  low 
as  4  mg./kg.  produced  striking  pathological  signs  in 


rainbow  trout  fingerlings,  notably  a  shedding  of  the 
intestinal  mucosa  and  severe  edema  with  fluid  in  the 
body  cavities  and  behind  the  eyes. 

Very  low  concentrations  of  another  group  of  myco- 
toxins,  the  anatoxins,  at  2  to  80  parts  per  billion  in 
the  daily  diet,  have  been  found  to  induce  hepatoma 
in  rainbow  trout  and  rats.  In  view  of  these  findings 
long-term  feeding  studies  were  performed  with  rain- 
bow trout  and  rats  to  determine  pathological  respon- 
ses of  diese  animals  to  low  doses  of  T-2  toxin,  and  to 
determine  whether  this  toxin  plays  a  role  in 
hepatomagenesis.  One  thousand  fish  in  each  treatment 
received  daily  doses  of  200  or  400  p.p.b.  of  T-2 
toxin,  respectively,  in  their  diet  for  1  year.  No  evi- 
dence of  neoplasia  or  the  development  of  hepatoma 
was  found  (31).  Similar  results  were  obtained  in  feed- 
ing trials  with  rats.  Thus,  long-term  feeding  trials 
with  rainbow  trout  and  albino  rats  indicated  that 
T— 2  toxin  is  not  carcinogenic,  at  least  in  the  concen- 
tration used  in  these  experiments.  Low  doses  of  the 
toxin  fed  to  rainbow  trout  over  a  period  of  12  months 
actually  had  a  small  growth-promoting  effect.  Albino 
rats  consumed  up  to  20  times  the  single  dose  of  LD50 
when  the  T-2  toxin  was  administered  in  low  concen- 
trations in  their  feed  over  a  period  of  8  months. 


6        6  10 
TIME  (DAYS) 

Figure  9.— Total  daily  mortality  of  rainbow  trout  fingerlings 
fad  pellets  treated  with  Fusarium  trkinctum  toxin  In  ethyl 
acetate  and  control  pellets  treated  only  with  ethyl  acetate. 
Concentration  of  toxin  is  expressed  as  milligram  toxin  per 
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The  pronounced  skin  and  epithelium  tissue  irritat- 
ing properties  of  T— 2  toxin  at  concentrations  of  2  to 
15  parts  per  million  in  the  diet  was  evident,  in  that 
feeding  such  diets  to  albino  rats  resulted  in  severe 
inflammation  of  the  nose  and  mouth.  This  observation 
suggested  that  the  T-2  toxin  might  cause  skin  cancer 
if  applied  to  the  skin  in  low  doses  over  a  long  time 
period.  Application  of  various  amounts  of  T-2  toxin 
to  the  backs  of  white  mice,  with  and  without  sub- 
sequent applications  of  Croton  oil,  over  a  period  of 
10  weeks  failed  to  induce  any  papillomas.  The  fact 
that  no  papillomas  developed  in  any  of  the  treatments 
suggests  that  this  toxin  is  not  a  skin  carcinogen.  Thus, 
the  evidence  obtained  from  long-term  low-dose  feed- 
ing trials  with  rainbow  trout  and  albino  rats  as  well 
as  from  the  mouse-papilloma  studies  indicates  that 
T-2  toxin  is  noncarcinogenic.  This  is  in  striking  con- 
trast to  the  aflatoxins  which  are  potent  liver 
carcinogens  at  extremely  low  concentrations. 

Sublethal  doses  of  crude  T-2  toxin  in  rats  resulted 
in  increased  clotting  and  prothrombin  times  up  to  8 
hours  or  more  after  treatment  (fig.  10).  Heart  rates 
and  amplitude  increase  slighdy  following  oral  toxin 
administrations  then  drop  sharply  below  normal  fol- 
lowed by  another  and  greater  increase.  After  6  hours 


the  heart  rate  slowly  declines  to  death.  The  T-P/inter- 
val  second  follows  the  reciprocal  of  this  relationship 
(fig.  1 1).  Respiration  in  rats  following  a  lethal  dose  of 
T-2  toxin  develops  the  same  patterns  over  time  as 
seen  in  the  ECG  response.  Kates  decline  for  3  hours 
following  administration  then  increase  above  normal 
between  4  and  6  hours.  Seven  hours  after  toxin  ad- 
ministration, a  decline  in  respiration  is  noted  which 
continues  to  death  (fig.  12).  Intravenous  administra- 
tion of  crude  T-2  toxin  produces  essentially  the  same 
effect  upon  the  rat's  heart  rate  as  seen  in  oral  adminis- 
tration. The  initial  drop  and  sudden  increase,  how- 
ever, develop  within  1  hour  instead  of  the  4  hours 
required  for  oral  administration.  In  the  same  trial, 
blood  pressure  in  the  treated  animal  follows  the  same 
pattern  (fig.  13). 

Metabolic  rates  in  fasted  and  nonfastcd  rats  re- 
ceiving a  single  oral  administration  of  crude  T-2 
toxin  at  the  rate  of  100  mg./kg.  were  strikingly  differ- 
ent. Metabolic  rates  in  animals  fasted  for  2  days 
prior  to  receiving  toxin  declined  rapidly  and  the  ani- 
mals were  dead  in  48  hours.  Metabolic  rates  in 
nonfasted  animals  declined  for  1  to  2  days,  but  later 
increased  to  normal.  None  of  the  nonfasted  animals 
died  (fig.  14). 


Figure  10.— Clotting  time  and  prothrombin  time  in  young 

rats  following  administration  of  cruda  (frozan  driad  cul<  Figure  11.— ECG  in  young  rats  following  oral  administration 

tures)  T-2  toxin.  Each  point  represents  the  averaged  re-  of  crude  (frozen  dried  cultures)  T-2  toxin.  Each  point  repre- 
sults  from  five  treated  animals.  sants  the  averaged  results  from  five  treated  animals. 
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RESPIRATIONS  IN  RATS 

FOLLOWING  ORAL  ADMINISTRATION  OF 
CmjDt  FUSAfttUM  TPlClNCfyM 
TOX'N 
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6         »  10 
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Figure  12.— Respirations  in  rats  (average  results  from  five 
treated  animals)  following  oral  administration  of  crude  T-2 
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Figure  13.— Heart  rate  and  blood  pressure  in  rats  receiving 
lethal  intravenous  administrations  of  crude  (frozen  dried 
■  of  T-2  toxin.  Each  point  represents  the  < 
results  from  five  treated  animals. 
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Figure  14.— Metabolic  rates  in  fasted  and  nonfasted  rats 
a  single  oral  administration  of  crude  T-2  toxin 
(100  mg./kg.). 


Evidence  for  involvement  of  any  or  all  the 
trichothecanc-typc  compounds  in  moldy  corn  toxico- 
sis is  still  circumstantial.  Toxin-producing  isolates  of 
these  trichocane-producing  fungi  have  been  isolated 
from  moldy  corn,  but  only  a  few  of  them  have  been 
studied  for  their  ability  to  produce  trichothecanes  in 
corn.  Even  though  all  these  fungi  may  eventually  be 
shown  to  produce  these  compounds  in  pure  culture, 
it  still  remains  necessary  to  show  that  they  arc  actually 
present  in  moldy  corn  in  sufficient  concentrations  to 
cause  disease.  Until  recently,  procedures  for  analysis 
of  trichothecane  compounds  from  crude  moldy  corn 
were  not  available.  Recent  studies  have  shown  that, 
using  a  gas  chromatographic  method  for  separation 
of  these  compounds,  it  may  be  possible  to  determine 
their  concentration  in  the  natural  corn  products  (2). 
In  preliminary  trials  the  parent  alcohols  of  the 
naturally  occurring  trichothecane  compounds  could 
be  separated  as  their  trimethylsilyl  ethers  by  gas- 
liquid  chromatography  (5).  T-2  toxin  has  been  identi- 
fied in  extracts  of  F.  Iricinctum  infected  corn  by 
chromatographing  an  aliquot  of  the  extract  after 
converting  the  toxin  to  its  trimethylsilyl  ether  (2). 

Using  this  technique  with  extracts  from  pure  cul- 
tures, it  has  been  shown  that  all  toxin  producing 
isolates  of  F.  tricinctum  in  our  collection,  when  grown, 
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on  a  liquid  media  of  soybean  meal  and  corn  steep 
liquor,  produce  T— 2  toxin  (2). 
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Summary 

The  fungus  flora  of  more  than  26  kinds  of  foods  in 
Japan,  including  polished  rice,  other  cereal  grains 
and  their  products,  legumes,  fermented  foods,  dried 
fishes,  and  edible  seaweeds,  has  been  determined  and 
summarized.  Except  for  a  few  cases,  members  of  the 
Aspergillaceae  were  predominant  in  the  flora  through- 
out the  surveys.  The  polished  rice  harvested  in 
1965-66  was  considered  to  have  been  maintained  and 
handled  under  good  conditions  of  sanitation.  The 
following  species  isolated  have  known  or  suspected 
toxigenic  abilities  in  experimental  animals:  Aspergillus 
clavatus,  A.  chevalieri,  A.fiavus,  A./umigalus,  A.  ocltraceus, 
A.  oryzae,  A.  versicolor,  Penicillium  citreo-viride,  P.  citrinum, 
P.  cyclopium,  P.  expansum,  P.  islandicum,  P.  ochrosalmon- 
eum,  P.  oxalicum,  P.  puberulum,  P.  purpurogenum,  P.  roque- 
forti,  P.  rugulosum,  Fusarium  nivale  and  Pithomyces 
char  tar  um. 

Introduction 

Since  the  hepatotoxic  metabolites  known  as  ana- 
toxins were  found  in  the  outbreak  of  "Turkey  X" 
disease  in  England  in  1960,  the  prevalence  of  myco- 
toxicoses  has  become  an  increasing  problem  in  the 
world.  In  Japan,  the  study  of  mycotoxins  and  their 
effects  is  well  described  by  the  work  on  toxic  yellowed 
rices,  which  have  been  defined  as  the  deterioration  of 
rice  grains  by  some  species  of  Penicillia  such  as  P. 
citreo-viride  (syn.  P.  toxicarium),  P.  citrinum  and  P. 
islandicum. 

Although  the  exact  significance  of  the  presence  of 
mycotoxin-producing  fungi  has  not  yet  been  defined 
thoroughly,  enumeration  and  identification  of  fungi 
encountered  in  cereal  grains  and  other  various  types 
of  foods  are  important  in  understanding  the  evaluation 
of  their  safety  as  foods  for  human  consumption.  Our 
routine  work  on  the  mycological  examination  of  im- 
ported and  domestic  polished  rice  over  the  past  15 
years  has  led  to  a  remarkable  development  of  an 
etiological  survey  for  the  detection  of  naturally  oc- 
curring carcinogens  in  Japanese  foods  and  for  the 
elucidation  of  the  natural  history  of  cancer.  Although 
the  elimination  of  active  carcinogenic  agents  in  human 
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environment  is  very  difficult,  the  research  needs  in 
this  field  are  practically  unlimited  for  cancer  preven- 
tion. 

In  the  present  report,  results  of  mycological  exami- 
nations of  stored  rice  grains  (mostly  imported),  fungi 
in  market  flours,  mycoflora  of  domestic  polished  rice, 
and  mycological  surveys  of  the  Japanese  foods  with 
regard  to  the  detection  of  carcinogens  are  sum- 
marized. To  the  isolates  belonging  to  A.  ochraceus 
group,  an  attempt  of  assay  for  ochratoxin  producing 
activity  was  also  made.  A  further  investigation  of  the 
toxigenicity  of  the  isolates  obtained  from  these  surveys 
will  be  presented  in  the  subsequent  report. 

Materials  and  Methods 

The  following  food  samples  were  collected  for  the 
mycological  surveys  in  this  paper:  Rice  grains 
(unhulled,  rough,  and  polished  rice),  rice  flour,  wheat 
and  barley  grains,  wheat  flour,  soybeans,  soybean 
flour,  red  beans,  red  bean  flour,  kidneybeans,  broad 
beans,  potato  starch,  buckwheat  flour,  miso  (soybean 
paste),  shoyu  (soy  sauce),  rnoromi  (mash),  tsukemono 
(Japanese  pickles),  nukamiso  (pickled  vegetables  in  a 
mixture  of  rice  bran,  salt,  and  water),  mugikoji 
(molded  masses  of  barley  grains),  niboshi  (dried  small 
sardines),  dried  fishes,  edible  seaweeds,  noodle,  etc. 

Numbers  and  kinds  of  fungi  in  cereal  grain  samples 
were  estimated  by  the  official  method  (5)  recom- 
mended by  the  Ministry  of  Health  and  Welfare  for 
the  microbiological  examination  of  imported  foods, 
with  minor  modifications  to  suit  present  needs.  To 
enumerate  invading  fungi,  50  to  100  kernels  from 
each  sample  were  plated,  following  surface  washing 
with  sterile  water,  on  culture  media.  The  two  culture 
media  used  were  Czapek-Dox  agar  for  isolation  of 
storage  molds  such  as  Aspergillus  and  Penicillium  and 
glucose-peptone  agar  for  a  more  extensive  range  of 
fungi  including  field  invaders.  Prior  to  culturing, 
about  10  g.  of  the  grains  were  washed  asepucally 
with  10  successive  volumes  of  sterile  distilled  water  to 
remove  surface  contaminants.  Then,  the  washed 
grains  were  placed  onto  the  surface  of  slants  oc  Czapek 
agar  or  plates  of  glucose- peptone  agar. 

On  the  other  hand,  surveys  of  the  microflora  asso- 
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dated  with  the  fermented  foods  such  as  miso,  shoyu 
and  tsukemono,  flours,  noodle,  dried  fishes,  and 
niboshi,  etc.,  were  usually  conducted  by  the  quantita- 
tive dilution  plate  method.  Enumeration  was  accom- 
plished by  placing  1  to  10  g.  of  sample  into  a  Waring 
blender  which  homogenized  the  sample  for  3  minutes 
at  high  speed  with  40  ml.  of  sterile  0.05  percent  plain 
agar  water.  Appropriate  dilutions  (mostly  at  10"  3 
level)  of  blended  materials  were  cultured  on  Czapck 
agar,  potato-dextrose  agar  or  glucose-peptone  agar. 
In  addition,  MY  20  agar  (peptone,  5  g.;  yeast  extract, 
3  g.;  malt  extract,  3  g.;  glucose,  200  g.;  agar,  20  g.; 
and  water,  1  liter;  after  Rapcr  and  Fcnnell  (7))  was 
used  to  estimate  numbers  of  halophilic  fungi  in  the 
salty  foods  and  dried  foods.  An  addition  of  100  mg. 
per  1.  of  chloramphenicol  to  the  media  was  effective 
for  inhibition  of  bacterial  growth. 

After  incubation  for  10  to  14  days  at  25°  C,  the 
number  and  types  of  fungal  colonics  appearing  on 
the  slants  or  plates  were  recorded  and  representative 
colonies  were  selected.  Members  of  Aspcrgillaceae 
and  potentially  toxigenic  fungi  such  as  Fusarium  were 
identified.  Other  fungi  were  identified  only  as  far  as 
the  genus,  with  some  exceptions.  The  manuals  of 
Thorn  and  Raper  (8),  Raper  and  Thorn  (6),  and 
Raper  and  Fennell  (7)  have  been  followed  in  deter- 
mining species  of  the  two  common  genera  Aspergillus 
and  Pencillium. 

Results  and  Discussion 

Mycological  examinations  for  the  presence  of  my- 
cotoxin  producers  in  the  1954-67  stored  rice  grains. 
Our  routine  work  during  1954-67  was  designed  to 
demonstrate  the  frequency  of  occurrence  of  myco- 
toxin-producing  fungi  and  the  constituent  members  of 
microflora  of  the  stored  rice  grains  in  Japan  (4).  A 
total  of  3,014  samples  of  rough  and  polished  rice,  the 
majority  representing  imported  rice  from  more  than 
10  different  countries,  were  assayed.  The  composition 
of  the  microflora  of  the  stored  rice  grains  is  sum- 
marized in  table  1.  During  this  sampling  period, 
Aspergillus  and  Penicillium  accounted  for  about  20 
percent  of  the  total  micro-organisms  isolated. 

Aspergillus  species  were  very  frequently  encountered 
on  1954,  1963,  and  1967  samples,  as  shown  in  table 
1.  Through  the  surveys  of  1955-57,  a  total  of  14,000 
isolations  of  Aspergillus,  representing  10  different 
groups,  were  made  from  1 ,600  samples  of  rice  grains, 
most  of  which  had  been  imported  from  Thailand, 
Burma,  Formosa,  United  States,  China,  Spain,  and 
Italy.  A.  flavus-oryzae  and  A.  candidus  were  the  groups 
most  frequently  found;  the  A.  glaucus  group  accounted 
for  21.5  percent  of  the  isolations.  Other  common 
groups  recovered  were  A.  niger,  A.  versicolor,  and  A. 
terreus.  The  Aspergillus  contents  of  the  1964-67  samples, 
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Table  1.— Summary  of  average  micro-organisms  contents 
of  the  imported  and  domestic  rice  grains  during  1954-67 

Year  and  number  of  samples 
surveyed  (percent) 


1954    1955    1956    1957  1958 
Micro-organisms       (392)  (698)  (496)  (350)  (457) 


Aspergillus  spp    23.0  6.0  8.0  10.0  8.5 

Penicillium  spp                    8.0  4.0  7.0  2.5  4.5 

Other  fungi   11.0  5.0  9.0  11.5  8.5 

Strcptomyces                     5.0  3.0  4.0  4.0  2.5 

Bacteria  and  yeasts   53.0  82.0  72.0  72.0  76.0 


1959    1960    1961    1962  1963 

(239)   (97)     (3)     (52)  (124) 


Aspergillus  spp    14.0  15.0  5.0  9.0  25.0 

Penkillium  spp   8.5      4.5  0.  23.5  5.0 

Other  fungi..    16.0  11.5  4.0  4.5  17.0 

Streptomyces   5.0      2.5  1.0  13.0  7.0 

Bacteria  and  yeasts   56.5  66.5  90.0  50.0  46.0 


1964  1965  1966  1967  Total 
(24)    (70)     (4)      (8)  (3,014) 


Aspergillus  spp   3.0  9.0  3.5  21.5  12.0 

Peniallium  spp   3.0  4.0  3.5  21.5  7.0 

Other  fungi   11.0  6.0  4.5  7.5  9.0 

Streptomyces   11.0  1.0  3.5  1.0  3.5 

Bacteria  and  yeasts   72.0  80.0  85.0  48.5  68.5 


which  had  been  imported  from  Thailand,  Burma, 
Formosa,  and  China,  were  essentially  the  same;  but 
66  percent  of  the  Aspergillus  were  made  up  of  two 
widely  distributed  groups  of  .4.  glaucus  and  4-1.  versicolor. 

Particular  attention  has  been  given  to  the  occur- 
rence of  Penicillium  species  in  the  samples  because  of 
their  importance  as  causes  of  various  types  of  myco- 
toxicoscs.  The  presence  of  three  species,  P.  citreo-viride, 
P.  citrinum,  and  P.  islandicum,  was  checked  especially 
as  an  index  for  determining  the  sanitary  condition  of 
the  imported  polished  rice.  Of  the  total  8,000  isolates 
from  the  1955-57  rice  grains,  members  of  P.  citrinum 
and  P.  cyclopium  series  were  the  most  prevalent  and 
formed  respectively,  10  percent  of  the  total  Penicillia, 
followed  by  P.juniculosum  scries  (most  of/*,  islandicum), 
P.  cltrysogenum  series,  and  P.  rugulosum  scries.  Similar 
data  were  found  in  the  1964-67  samples.  P.  ciridicatum 
scries  was  most  frequendy  encountered  in  the  samples, 
accounting  for  26  percent  of  the  Penicillium  isolates. 
Other  common  fungi  found  associated  with  the  rice 
grains  were  some  members  of  the  order  Mucorales, 
Alternaria  species,  Cladosporium  species,  Helminthosporium 
species,  Paecilomyces  varioti,  Scapular iopsis  brevicaulis,  and 
Trichoderma  viride.  Two  genera  of  Fungi  Impcrfccti, 
Fusarium  and  Monilia  were  also  frequently  found  from 
the  domestic  rice  samples. 

In  1957  an  outbreak  of  food  poisoning  (acute 
diarrhea)  among  four  families  of  the  Japanese  farmers 
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occurred  at  two  localities,  Kanagawa  and  Kagoshima 
Prefectures,  respectively,  in  central  and  southern 
Japan.  Table  2  shows  that  it  was  due  to  the  consump- 
tion of  moldy  rice  heavily  infected  with  F.  graminearum 
and  F.  nivale  under  the  rainy  condition. 

Although  great  variations  existed  in  the  mycological 
quality  of  the  samples  tested  during  1959-61,  21  per- 
cent of  the  593  samples  of  imported  rice  from  Thai- 
land, Burma,  Formosa,  and  China  were  in  poor 
sanitary  condition  and  were  rejected  as  a  result. 

Fungi  in  cereal  and  legume  products  as  market 
foods. — In  1960,  in  order  to  determine  the  frequency 
of  occurrence  of  mycotoxin-producing  fungi  in  market 
foods  (2),  a  total  of  100  samples  of  the  following 
flours  were  collected  from  central  Japan:  50  of  wheat, 
15  of  rice,  15  of  soybean,  six  of  red  bean,  five  of 
buckwheat,  four  of  kidneybean,  and  five  of  potato 
starch.  Twenty-five  genera  of  molds  and  some  yeasts 
were  isolated  from  these  samples,  as  seen  in  tabic  3. 
In  most  flours  the  frequendy  encountered  and  widely 
distributed  fungi  were  those  belonging  to  the  genera 
Penicillium,  Aspergillus,  and  Cladosporium.  Yeast  species 
also  occurred  in  about  32  percent  of  the  samples. 
Penicillium  was  recovered  from  slighdy  more  than  80 
percent  of  the  samples  of  wheat  and  rice,  whereas 
this  group  was  found  in  only  about  30  percent  of  the 
samples  in  soybean  flour.  In  wheat  and  rice  flours, 
the  second  most  prevalent  group  of  organisms  was 
Aspergillus,  with  frequency  of  68  and  60  percent  each. 
On  the  other  hand,  soybean  flour  yielded  this  orga- 
nism in  40  percent  of  the  samples. 

As  indicated  in  table  3,  P.  citrinum,  A.  flatus,  A. 
verisolor,  and  Cladosporium  sphaerospermum  were  the  most 
commonly  isolated  species  in  26,  21,  19,  and  18  per- 
cent of  the  samples,  respectively.  Except  for  the  above 
four  species,  the  predominant  organisms  in  wheat 
flour  also  included  P.  notatum  and  P.  islandicum.  In 
addition,  P.  lanosum,  A.  oryzae,  A.  ochraceus,  Paecilomyces 
varioti,  and  Cladosporium  cladosporioides  were  commonly 
found  in  the  other  types  of  flours.  Fungal  counts  of 


20  samples  of  wheat  flour  ranged  from  50  to  2,050/g. 
and  averaged  540/g. 

Mycoflora  of  domestic  polished  rice  harvested 
in  1965-1966.— The  fungus  flora  of  219  samples  of 
polished  rice,  which  were  harvested  in  1965  and  col- 
lected from  132  Prefectural  Public  Health  Stations  in 
nine  geographical  regions  of  Japan  (fig.  I),  was  deter- 
mined (3).  Various  kinds  of  fungi  were  recovered 
from  65  percent  of  the  total  samples,  whereas  the 
remainder  (35  percent)  did  not  yield  any  fungi.  Of 
the  143  positive  samples,  83  percent  contained  only 
one  to  five  isolates  per  50  g.  During  this  survey,  835 
isolations  of  fungi,  representing  more  than  25  different 
genera,  were  made  from  domestic  polished  rice. 
These  are  listed  in  order  of  frequency  in  table  4. 
Microscopic  observations  revealed  that  the  contam- 
inating fungi  were  predominately  Aspergillus  (51  per- 
cent of  the  total  isolates),  Penicillium  (9  percent), 
Fusarium  (5  percent)  and  Cladosporium  species  (5  per- 
cent). Aspergillus  species  were  observed  in  23  percent 
of  the  samples  analyzed  and  accounted  for  the  great- 
est amount  of  fungal  mass.  A.  repens  was  by  far  the 
commonest  species  of  this  genus,  representing  67  per- 
cent of  the  isolates  collected  from  the  426  colonies. 
No  other  species  formed  more  than  8  percent  of  the 
total  colonies  of  this  genus.  Some  plant  pathogenic 
genera  such  as  Helminthosporium,  Trichoconis,  Phoma 
and  Piricularia  were  sometimes  frequently  isolated. 

To  compare  mycological  sanitation  of  domestic 
polished  rice  consumed  in  different  urban  com- 
munities, a  similar  survey  was  made  on  collections 
from  five  cities  in  1966  (fig.  1).  The  cities  were: 
Tokyo  (population  8,900,000),  Osaka  (3,130,000), 
Nagoya  (1,950,000),  Sapporo  (820,000),  and  Fukuoka 
(785,000).  A  total  of  573  fungi  were  isolated  from 
140  samples.  In  64  percent  of  samples  collected  from 
Nagoya  city,  no  isolations  of  fungal  contaminants 
were  obtained.  Of  the  samples  of  the  remaining  four 
cities,  about  40  to  45  percent  were  associated  with 
one  to  two  colonies  per  50  g.  A  list  of  the  22  genera 


Table  2.-Mycological  detection  of  the  deterioration  of  domestic  rice  grains  associated  with  Fusarium-mycotoxicosis  in  1957 


Number  of  isolated  from 
500  gr.  of  samples 


Number  of  isolated  from 
500  gr.  of  samples 


Organisms 


Rough  rice 


Polished  rice 


Organisms 


Rough  rice 


Polished  rice 


Cladosporium. 


Penicillium  

P.  cytlopium 
P.  thrysogrm 
P. 

Penicillium  spp   6  Epicoccum 

Aspergillus        Unknown  fungi .  . 

A. flavus-eryzat   29  Total  fungi.. 

A.  Candidas   1  Strep tomyecs 

A./umigalus   6  Bactei 

rspp...     I  Total 

  4  7 


4 

291 
20 


5 
54 
385 
1 

298 
684 


8 
79 
9 
i 

2 
75 
225 


348 


573 
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Table  3.— Frequency  of  occurrence  of  fungal  species  in  the  market  flour-type  foodstuffs 


Fungi 


Wheat  Hour 
(50)' 


Percentage  of  occurrence  of  fungi  per  samples 


Rice  flour 
(15) 


Soybean 
(15) 


Various  flours 

(20) 
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Total 

(100) 


Ptnicillium   84  80 

P.citrinum   42  13.3 

P.  lanosum   24  20 

P.  notation   22  6.7 

P.  viridicatum   24  6.7 

P.  islandicum   20  6.7 

P.  otkr actum   10  13.3 

P.  spimdosum   18   

P.  rugulosum   8  6.7 

P.  cyanto-julvum   8  6.7 

P .  jrequtntans   6  6.7 

P.  chrysogtnum   8   

P.  corymbiferum .   2  6.7 

P.  eyclopium   6  6.7 

P.  waismam   6  6.7 

Peniciltium  spp   40  20 

AsptrgUlus   68  60 

A.flaxms    28  20 

A.  versicolor   26    

A.  candidus   18  6.7 

A.  terreus   6  13.3 

A.  chevalieri   8  6.7 

A.  amsUlodami   10    

A.  clavatus   8  6.7 

A.  ochractus   2  6.7 

A.orytat    2  20 

Cladosporium    36  33.3 

C.  sphaerospermum   26  6.7 

Cladosporium  spp   4  6.7 

Mucor  spp   2  33.3 

Paecilomytts  oarioti   6  33.3 

Allernaria  tenuis   10 

Trichothuium  rostum   12  6.7 

Trichoderma  viridt    6.7 

Phoma  tpp   6.7 

Fusarium  spp   20 

?  Calcarisporium   4   

Yeasts  _.   30  40 


33.3 
"  6.7" 


6.7 
6.7 


6.7 
6.7" 


13.3 
"6.7" 
"io"" 


70 
15 

5 
15 
10 

5 
20 


5 
5 
3 
5 
10 


6.7 

10 

40 

20 

20 

5 

20 

10 

6.7 

10 

6.7 

13.3   

13.3 

40 

13.3 

10 

25 

5 

13.3 

10 

5 

10 

5 
15 


10 
30 


66.8 

26 

16 

16 

15 

12 

11 

10 

7 

b 

6 

.r> 

5 

4 

4 
25 
47 
21 
19 


b 

5 

•1 

4 
30.6 
18 
12 

4 
10 

9 

7 

7 

4 

4 

•1 

4 
32 


■Number  ol  sample*  examined. 

Nora: — MiaceUaneoua  specie*  (total  pern-mage  I  cm  than  3) 
1  ap..  CbatUymium  ap..  Ctadoiporium  herbarum.  C. 


AUidia  » 


atra,  Arihrinium  frharotptrmum.  AiprrgMut  7  »pp., 
lonochattia  ap..  .Vi< 
•p..  and  Triekodadium  atptrum. 


Table  4.— List  of  the  genera  and  the  frequency  of  occurrence  of  fungi  isolated  from  polished  rice  harvested  in  1965 


Fungi 

Number  of  isolates 

Percentage  of  occurrence 

genera1 

Peniciltium  

426 
92 
77 

51.0 
11.0 
9.0 

r».o 

5.0 
4.0 
2.5 
2.5 
1.0 
4.5 
2.0 
2.5 

Alt€TflGTlQ. 

CepkalotrieAum. 
Chitttomium 

lit  Immthuipvr  turn 

41 

40 
33 
20 
20 
9 
37 
19 
21 

Chrysosporium. 

Coniothyrium. 

Curtmtaria. 

Epicoccum. 

Gliomastix. 

Mucor. 

Sigrospora. 

Rhizopus. 

Scopulariopsis. 

Total  

835 

1O0.0 

Septoria. 
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Central  region 


Southern  region 


N.  3t 


Figure  1.— Map  of  sampling  locations. 


and  their  frequency  of  occurrence  is  given  in  table  5. 
In  this  survey,  A.  re  pens  was  still  the  most  prevalent  (22 
percent  of  the  samples  isolated),  followed  by  A. 
amstelodami  (18  percent,  and  A.  versicolor  (18  percent). 

The  results  obtained  in  the  two  surveys  indicated 
that  the  majority  of  domestic  polished  rice  harvested 


in  1965-66  had  been  maintained  and  handled  under 
good  sanitary  conditions. 

Mycological  surveys  of  the  Japanese  foods  for 
the  detection  of  carcinogens  in  natural  products. — 

In  the  summer  of  1967,  the  Cancer  Research  Division 
of  the  Institute  of  Medical  Sciences,  the  University  of 
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Table  5.-Ust  of  the  genera  and  the  frequency  of  occurrence  of  fungi  isolated  from  polished  rice  harvested  in  1966 


Fungi  Number  of  isolates  Percentage  of  occurrence  Miscellaneous  genera1 


Penkillium   148  26.0  Atlernaria. 

Htmispora     117  21.0  Artfotmum. 

Aspergillus   98  17.0  Botrylts. 

Monilia   63  11. 0  Cephalosporium. 

Cladosporium  -   25  4.5  Cutvuiaria. 

Fusanum   18  3.0  Hrluocrras. 

Trichoconis  -  -  18  3.0  Monastus. 

Htlminthosporium   13  2.5  Xigrospora. 

F.pitotcxan   11  2.0  Paecilomytts. 

Miscellaneous  genera.   23  4.0  Phoma. 

Myeelia  sterilia   26  5.0  Tritirachium. 

Unknown  genera   6  1.0  Wardomjtces. 


Total   573  100.0 


•Percenter*  of  occurrence  leas  than  1  percent. 


Tokyo  (Prof.  M.  Saito),  provided  an  opportunity  for 
our  group  to  collect  various  kinds  of  the  Japanese 
foods  in  conjunction  with  municipal  corporations  at 
two  rural  communities  in  central  and  southern  Japan. 
To  give  a  solution  of  the  many  complex  factors 
involved  in  the  cause  of  diseases — particularly  those 
that  are  often  fatal,  such  as  cancer  and  cardiovascular 
diseases,  extensive  surveys  have  been  conducted  by 
the  research  organization  in  the  fields  of  epidemiology, 
nutriology,  clinics,  and  histopathology.  Different 
geographical  areas  often  present  marked  differences 
in  mortality  from  a  given  disease  and  mortality  statis- 
tics have  served  as  the  basis  for  the  geographical 
study  of  disease.  Thus,  the  first  survey  was  designated 
for  farm  families,  the  highland  inhabitants  of  Saku 
city  in  Nagano  Prefecture  (fig.  1),  where  the  highest 
incidence  of  hypertension  and  gastric  cancer  was 
estimated.  It  is  interesting  to  note  that  large  amounts 
of  salt  have  been  fed  there  in  the  customary  diet 
containing  miso,  soy  sauce,  and  pickles.  Because 
mortality  from  hepatoma  in  Nagasaki  Prefecture, 
southern  Japan,  remained  at  a  high  level  throughout 
the  past  decade,  the  coastal  families  of  fishermen  and 
those  engaged  in  agriculture  combined  with  fishery 
at  Minamikushiyama  village  (fig.  1)  were  chosen  for 
the  second  survey.  Production  and  consumption  of 
dried  small  sardines  are  characteristic  for  the  food 
survey  of  this  coastal  region.  It  appeared  of  interest 
to  investigate  further  the  relationship  between  the 
high  incidence  of  these  diseases  and  the  food  peculiari- 
ties of  the  inhabitants. 

For  the  survey,  a  total  of  668  samples  of  the  follow- 
ing foods  were  collected  from  the  88  families  of  Saku 
City  and  57  families  of  Minamikushiyama  Village: 
miso,  shoyu,  moromi,  tsukemono,  nukamiso,  polished 
rice,  wheat  grain,  flours,  legumes,  dried  small  sardines, 
and  miscellaneous  foods.  The  majority  of  collected 
samples  was  homemade  devoid  of  the  influence  of 


food  additives. 

About  350  isolates  of  fungi  in  23  genera,  represent- 
ing three  mucors,  four  ascomycctcs,  and  16  dcutcr- 
omyectes,  were  recorded  from  the  collection  of  six 
kinds  of  foods  from  Saku.  From  the  mycoflora  of 
these  foods,  table  6  gives  the  distribution  of  halophilic 
and  nonhalophilic  species  belonging  to  Aspergillus. 
The  number  of  halophilic  Aspergillus  in  the  fermented 
foods  was  much  less  than  those  of  polished  rice, 
although  the  analysis  on  MY  20  agar  medium  was 
used  for  determining  the  fungi  in  these  samples.  This 
is  surprising,  since  the  fermented  foods  such  as  miso, 
shoyu  and  tsukemono  are  usually  known  as  highly 
salty.  A  possible  explanation  is  that  the  incidence  of 
the  other  halophilic  micro-organisms,  for  example  the 
growth  of  Pediococcus  halophilus  and  Streptococcus  Jaecalis 
(bacteria)  and  Saccharomyces  rouxii  (yeast),  could  have 
influenced  significantly  the  results  with  the  mycoflora 
of  fermented  foods.  Of  the  halophilic  populations 
described  here,  A.  repens  was  the  most  prevalent.  A. 
versicolor  comprised  the  second  most  widely  distrib- 
uted group  in  the  milled  rice  survey,  snowing  a 
frequency  of  21  to  50  percent  of  the  total  samples.  A. 
fiavus  and  A.  oryzae,  two  of  the  molds  isolated  from 
the  fermented  foods,  arc  worthy  of  notice,  probably 
coming  primarily  from  koji  materials  (the  starters). 

Penicillium  species  isolated  from  the  foods  of  Saku 
city  and  their  evaluation  arc  presented  in  table  7. 
The  two  Penicillia  isolated  with  greatest  frequency 
and  in  the  largest  numbers  from  polished  rice  were 
P.  plioeniceum  and  P.  roseopurpureum.  Both  of  these  have 
not  only  been  the  subject  of  limited  distribution  in 
nature,  but  little  is  actually  known  regarding  their 
possible  importance  in  the  deterioration  processes  of 
cereal  grains.  In  spite  of  its  rather  low  population,  P. 
waksmani  was  probably  the  most  ubiquitous  species  to 
be  found  on  the  miso  and  shoyu  samples.  It  is  also 
noticeable  that  the  fungal  contamination  of  all  samples 
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Table  6.— Occurrence 

of  Aspergillus  species  in  the  foods  of  Saku  Cityt 

Foods 

Fun  i?i 

Miso 
(52)' 

Shoyu 
(17) 

Moromi        Tsukemono  Nukam 
(3)                 (13)  (3) 

iso       Polished  rice 
(16) 

Halopnilic  group. 

+ 

+ 

+ 

• 

+  + 
+ 

*•            +  +  + 

A  ftslrictus 

* 

»  -4- 

A.  ruber 

* 

*             +  +  + 

*  + 

.... 

Aonhtuophuu  group: 

♦ 

•  4- 

+ 

A  Ramir 

* 

•  • 

+ 

A  ' 

» 

»•••  _j_ 

•  ••• 

• 

++ 

• 

• 

•  • 

+ 

Aspergillus  spp 

• 

• 

'Numb«ra  (A  the  estimated  samples. 

♦See  the  following  (or  symbol  key.  tables  6  throuch  1 1 . 

\buudaucv  (numbers  of  mutate*  per  *nnipk  I 

Frequency  (peretut  <-.f  :<-;»•••.•..  « 

iimulrs  recorded  1 

• 

.  1-20  (rare). 

  ...  .11-20  tfairlv  abiuvtaiil) 

+  +  

..21-40  ((airly  wide). 

41-60  (wide). 

+  +  +  +  

.61-80  (very  wide). 

+  +  +  +  +  

..81-100  (extremely  wide). 

Table  7.-Occurreno 

i  of  PenlcUliw 

ti  species  in  the  foods  of  Saku  City 

Foods 

Fungi 

Miso 

(52)  > 

Shoyu 
(17) 

Moromi        Tsukemono       Nukamiso      Polished  rice 
(3)                   (13)                   (3)  (16) 

+ 

'++" 


++++- 


Moooverticillata : 

P.  cilreo-viridt  * 

P.  decumbent   * 

P.  frtqurnlans  .   * 

P.  implication  

P.  photnictum  

P.  roseo-purpureum  

P.  waksmam   * 

Euptnicillium  sp   

Asymmetrica: 

P.  chrysogtnum  

P.  citrinum   * 

P.cychpium   •••• 

P.  italieum   

/»  ♦*»• 

P. 
P. 

P.  marttnsii 

P.puberulum  +   • 

P.  romuforti   • 

P.steckii   •    *    

P.  stolonijtrum  •    •    * 

P.  vindication     ._   * 

Penicillium  sp   .  ..   *  

Bivcrticillata: 

P.  purpurogerum  *   • 

P.  rugulosum   *    ..      

P.  variable   •    *  +   • 

P.  vermieulat'jm  *      


* 
* 

•  ••• 


+ 

+  +  +  + 


+  + 


« 
♦ 


+  + 


Not*.— For  symbol 
'Numbers  of  the 
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of  miso,  when  stored  under  poor  sanitary  conditions, 
was  attributed  to  asymmetric  Penicillia  such  as  P. 
cjtlopium,  P.  puberulum  and  P.  janthinellum. 

A  total  of  over  470  cultures  of  fungi  belonged  to  23 
genera  has  been  isolated  from  the  23  kinds  of  foods 
analyzed  in  the  Minamikushiyama  survey.  As  shown 
in  table  8,  the  analyses  of  Aspergillus  species  revealed 
certain  differences  as  well  as  certain  similarities  be- 
tween these  two  surveys.  Through  the  survey  at  the 
Minamikushiyama  Village,  no  halophilic  Aspcrgilli 
were  found  in  the  fermented  foods,  while  large 
amounts  of  A.  glaucus  group  or  A.  restrictus  group 
were  recovered  from  the  samples  of  wheat  grains, 
dried  small  sardines,  and  edible  seaweeds.  The  most 
common  species  in  these  groups  were  A.  amstelodami, 
A.  gracilis,  A.  penicilloides,  A.  restrictus,  and  A.  ruber. 
Other  representatives  recovered  were  A.  tamarii  from 
Japanese  pickles  and  A.  oryzae  from  kidney  beans. 
Finally,  the  most  striking  finding  was  a  high  frequency 
of  the  incidence  of  A.  ackraceus  group  in  five  kinds  of 
the  foods.  An  assay  of  these  isolates  for  ochratoxin  A 
producing  potential  will  be  reported  later. 

Table  9  illustrates  the  abundance  and  distribution 
of  Penicillia  isolated  from  the  Minamikushiyama's 
foods.  In  the  samples  of  miso,  P.  ivaksmani  was  the 


persistent  contaminant  most  frequently  found.  P. 
phoeniceum  was  also  widely  distributed  in  polished  rice, 
while  P.  herquei  was  repeatedly  isolated  from  kidney- 
beans.  Of  the  other  Fungi  Imperfecti,  Fusarium  nivale 
and  Phoma  sp.  formed  two  of  the  more  noticeable 
components  of  the  fungus  flora  of  wheat  grains.  From 
the  kidneybean  samples,  a  large  number  of  isolates  of 
Clndosporium  cladosporioides  was  collected. 

The  summarized  patterns  of  the  two  surveys  are 
indicated  in  tables  10  and  1 1.  Of  the  large  number  of 
fungi  known  to  be  associated  with  many  kinds  of  foods 
it  is  of  interest  to  note  that  so  few  of  them  occur  on 
fermented  foods  such  as  moromi  (mash),  tsukemono 
(Japanese  pickles),  and  nukamiso  (pickled  vegetables 
in  a  mixture  of  rice  bran,  salt,  and  water).  Mycoflora 
of  moromi  was  made  up  of  Absidia  sp.,  Syncephalastrum 
racemosum,  Syncephalastrum  sp.,  and  Aspergillus  flams. 
Two  imperfect  genera,  Candida  and  Geolrichum,  con- 
stituted important  components  of  the  fungus  popula- 
tion of  tsukemono.  Only  a  limited  species,  A.  oryzae, 
was  present  in  the  majority  of  nukamiso  samples  sur- 
veyed, usually  with  a  high  population  of  21  to  50 
isolates  per  sample.  A  halophilic  fungus,  Hemispora 
stellate  (formerly  known  as  Catenularia  Juliginea), 
regularly  occurs  in  sweets  and  jelly,  and  in  the  surveys, 


in  the 


Foods 


Fungi 


Miso  Tsukemono 

(9)'  (5) 


Polished  rice 
(12) 


Wheat 

(5) 


Flours  Dried  sardines 
HO)  (10) 


Halophilic  group: 

A.  amstelodami  -. 

A.  chet-alieri  

A.  conicus.  -  -  

A.  gracilis  

A.  mangini  

A.  penicilloides  

A.  repens  

A.  restrictus.  

A.  ruber  .  -. 

A.  umbtoius  ^ 

NonhalophiJic  group: 

A .  aculeatus  .  

A.  Candidas  

A.  clavatus.  

A./ortidus  

A.  fumigotus  

A.  niJulans  

A.  ruger..   

A.  othraceus.   

A.  oryzae  

A.  petrakii   

A.  sclerotiorum . .  _ .  

A.  sydowi  

A.  tamarii. . .  . 

A.  terreus  

A.  terreus  var.  of rk  anus 
A.  versicolor  
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+  +  + 
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Note. — For  »ymbol  indications  *ce  tabic  8. 
'Number*  of  the  estimated  samples. 
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Table  9.— Occurrence  of  Penicillium  species  in  the  foods  of  Minamikushiyama 


Food 


Fungi 


(9)' 


Polished  rice 
(12) 


Wheal 

(5) 


Flours 
(10) 


Modo  vcrticiilala : 

P.  citrto-viride  

P.  dtcumbtns  

P.  frequentans  

P.  phneniceum  


+ 

+  + 
+ 

+  +  + 


P.  cftrysogenum. 

P.  citrinutn  

P.  cyclopium. . . 
P.  herquei  


+  + 
+ 


•  •• 


P.i 
P.i 
P., 

P.  oxaticum. 
P.punlli. 

Si'" 

P.putteriUii. 

P.  sUckii  

P.  viridicatum...  

Biverticillata: 

P.  idandiam  

r.  pic  rum  

P.  purpurogenum  par.  rubrisclerolium 

P.rugulosum.   

P.  variabile  


+ 


♦ 
* 

♦ 


* 


+ 
+ 


« 
» 


++ 
+ 


+  + 
+ 


i 

+ 
+ 


+ 

"  +  +  " 


+ 
+ 
+ 


+ 
+ 


■Number*  of  tbe  estimated  aampta*. 
Nora—  For  lymbol  indication* aec  tal 

,1c  6. 

Fermented  foods 

Mi 

so 

Shoyu              Moromi          Tsukemono  Nukamiao 

Absidia  spp  .., 

Mucor  spp  

S\ncephalast!um 
Syncephaiastrum  sp 

Aspergillus  rtperu  * 

Aspergillus  fiavus   *   

Aspergillus  orytae    ****  + 

Aspergillus  Umarii   

Aspergillus  sydowi.    •  +  + 

Aspergillus  versicolor   **  +  * 

Penicillium  waksmani  

Penicillium jonMnellum   •••• 

Penicillium  cyclopium   •••• 

Penicillium  puberulum   ••»• 

Candida  spp  

Geotrichum  candidum   * 


•  •• 

•  •* 

•  *** 

•  •  •  • 


+  + 


+ 
+ 
+ 


+  + 
"  +  +  +  +  " 


+ 

+  + 


•  •• 


+  + 


Note.-  For  symbol  indications  see  table  6. 


had  been  found  frequendy  upon  a  wide  variety  of 
foods  including  polished  rice,  flours,  and  dried  small 
sardines.  The  following  species  isolated  have  known 
or  suspected  toxigenic  abilities  in  experimental  ani- 
mals: A.  clavatus,  A.  chevalieri,  A.  flaws,  A.  fumigatus, 


A.  ochraceus,  A.  oryzae,  A.  versicolor,  Penicillium  citreoviride, 
P.  citrinum,  P.  cyclopium,  P.  expansum,  P.  islandicum,  P. 
ochrosalmoneum,  P.  oxalicum,  P.  puberulum  P.  purpuroge- 
num,  P.  roqueforti,  P.  rugulosum,  Fusarium  nivale,  and 
Pithomyces  chartarum. 
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Cereal  and  dried  foods 


Fungi 


Polished  rice 


Wheat  Legumes 


Flours 


Dried  sardines 


Rkizppus  spp  

Aspergillus  amstelodami. 

Aspergillus  gracilis  

Aspergillus  pemcilloides 

Aspergillus  rtpens  

Aspergillus  reslrictus  

Aspergillus  ruber  

Aspergillus  oryzat- 
Aspergillus  ( 
Aspergillus  i 
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Penuillium  kerquei. 
Hemispora  stellate . 
Candida  spp 
Getroichum  < 
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+  +  + 
+  +  + 
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»  • 


Phoma  spp 


•  ** 
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+  + 
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++  + 
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++ 
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+ 


Note. — For  ayrobot  indication*  sre  table  6. 


Ochracoxin-producing  activity  of  isolates  of  the 
Aspergillus  ochraceus  group  from  the  Japanese 
foods.— Following  the  aflatoxin  problem,  much  at- 
tention has  been  focused  recently  on  ochratoxin  A, 
a  hepatotoxic  metabolite  produced  by  the  A.  och- 
raceus group  of  fungi.  Because  members  of  A.  ochraceus 
group  are  ubiquitous,  their  existence  in  the  Japanese 
foods  is  neither  surprising  nor  unusual.  In  Japan, 
however,  there  have  been  no  previous  reports  pub- 
lished to  date  on  the  occurrence  of  this  toxin  as  well 
as  on  its  distribution  in  nature.  Thus,  during  the 
course  of  the  above  described  surveys  on  the  Japanese 
foods,  an  attempt  was  made  to  detect  the  presence 
of  ochratoxin  producing  strains  in  the  33  isolates 
belonging  to  A.  ochraceus  group.  Following  the  pro- 
cedure described  by  Fcrrcira  (/),  the  organisms  were 
grown  in  shake-flask  culture  for  6  days  at  25°  C.  on 
medium  containing  (per  liter)  sucrose,  30  g.;  glutamic 
acid,  10  g.;  KH2P04,  1  g.;  KC1,  0.5  g.;  MgS04. 
7H2O,  0.5g.;  and  the  necessary  amounts  of  trace 
elements.  The  cultural  filtrates  of  each  isolate  were 
acidified  to  pH  2-3  with  HC1,  extracted  widi  chloro- 
form in  a  separatory  funnel,  and  the  chloroform  was 
evaporated  on  a  steam  bath.  The  presence  of  ochra- 
toxins  and  other  products  in  the  extracts  was  de- 
termined by  thin-layer  chromatography  in  comparison 
with  spots  of  the  following  13  previously  known 
metabolites:  ochratoxins  A,  B,  C;  pcnicillic  acid; 
ochracin;  aspergillic  acid;  muta-aspcrgillic  acid;  hy- 
droxyaspergillic  acid;  orsellinic  acid;  everninic  acid; 
isoeverninic  acid;  orcinol;  and  orcinol  methyl  ether. 
Two  solvent  systems  were  used  on  two  types  of 


migration  media.  The  first  system:  Develop  on  acidi- 
fied Silica  Gel  G  (Mallinckrodt)  treated  with  3  per- 
cent oxalic  acid  in  benzenc-mcthyl  alcohol-ethyl  ace- 
tate (15:2: 1,  v/v/v).  The  second  system:  Develop  on 
Silica  Gel  G  in  ethyl  acetate-isopropanol-water  (5: 
2M,  v/v/v).  All  metabolites  were  detected  by  UV 
light  and  by  spraying  with  a  potassium  permanganate 
solution. 

Of  the  total  of  33  isolates,  only  two  strains,  isolated 
from  red  bean  and  spice,  were  positive  for  the  ochra- 
toxin-producing  ability  at  IcveU  detectable  by  TLC. 
The  most  noticeable  observation  was  that  the  majority 
of  the  isolates  produced  large  amounts  of  penicillic 
acid.  The  highest  yield  of  this  substance  amounted  to 
700  mg.  per  1.  of  medium.  Further  work  is  in  progress 
on  die  chemical  identification  of  ocliratoxin-like  sub- 
stances and  other  interesting  metabolites  in  the  cul- 
tures of  A.  ochraceus  isolates  and  will  be  reported  at  a 
future  date. 
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Summary 

Two  hundred  and  forty-seven  cultures  of  63  Asper- 
gillus species  from  10  to  18  taxonomic  groups  were 
each  tested  for  mycotoxic  properties  on  chicks  and 
mice  by  feeding  them  molded  wheat  and  soybeans  in 
50  percent  diet  mixes.  Thirty-two  cultures  on  one  or 
both  substrates  were  toxic  to  chicks,  while  42  were 
toxic  to  mice— toxicity  being  defined  as  the  death  of 
three  or  more  chicks  or  mice  from  the  five  or  six  on 
test.  Nineteen  cultures  on  one  or  both  substrates  were 
toxic  to  both  chicks  and  mice:  one  each  of  A,  flavus 
and  A.  ochraceus,  two  of  A.  janus,  two  of  A.  sclerotiorum, 
three  of  A.  quercinus,  four  of  A.  melleus,  and  six  of  A. 
sulphur eus.  The  one  culture  of  A.  ochraceus,  two  of  A. 
melleus,  and  one  of  A,  sulphureus  produced  much  ochra- 
toxin;  the  others  produced  trace  or  nondetectable 
amounts  of  this  toxin.  Cultures  on  both  substrates 
toxic  to  both  chicks  and  mice  were  one  culture  each 
of  A.  quercinus  and  A.  ochraceus,  two  of  A.  sclerotiorum, 
three  of  A,  melleus,  and  four  of  A.  sulphureus.  Thirty- 
two  cultures  were  toxic  only  on  one  substrate  to  only 
one  of  the  two  animal  types.  Fifty-two  nontoxic  cul- 
tures stunted  the  growth  of  one  or  both  animal  types 
on  one  or  both  substrates.  Gross  and  histological 
lesions  were  uniformly  characteristic  from  aflatoxin- 
producing  cultures,  not  from  other  toxigenic  cultures. 

Introduction 

Aspergilli  are  ubiquitous  colonizers  of  plant  materi- 
als. They  arc  commonly  associated  with  deteriorating 
food  and  feed,  wherein  and  whereon  they  develop, 
contribute  to  the  deterioration  process,  and  leave 
their  own  bodies  and  excreted  products  as  residues. 
Such  bodies  and  products  are  a  potential  hazard  to 
the  health  of  humans  and  animals  that  ingest  than. 
So  far,  about  one-fifth  of  132  species  of  the  genus  (.?) 
have  been  tested  for  mycotoxic  properties  (4)  and  12 
of  these  were  found  to  be  toxigenic.  Because  aflatoxin 
produced  by  A.  flavus  and  A.  parasiticus  was  shown  to 
have  high  hepatotoxicity  and  hepatocarcinogenicity, 
the  need  was  great  to  appraise  other  Aspergilli  for 
toxigenicity.  To  meet  this  need,  a  testing  program 
was  undertaken  with  a  portion  of  the  large  collection 
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of  Aspergillus  species  at  the  USD  A  Northern  Regional 
Research  Laboratory,  Peoria,  111.  The  following  is  a 
progress  report  of  that  testing. 

Methods  and  Materials 

Tests  consisted  of  feeding  ad  libitum  wheat  and  soy- 
beans molded  with  each  culture  to  six  Swiss  white 
weanling  mice  (male  and  female,  Gopher  State  Cav- 
iary,  St.  Paul,  Minn.)  and  six  cockerel  chicks  (Dekalb 
131  or  Shayer  Starcross  288  hybrids)  per  substrate. 

Each  test  comprised  a  unit  of  23  or  24  cultures  on 
each  substrate,  and  one  to  four  controls  of  each  sub- 
strate. A  unit  comprised  species  of  a  taxonomic  group 
including  all  strains  to  be  tested  of  a  species.  Each 
molded  and  nonmoldcd  substrate  was  mixed  50  per- 
cent with  an  appropriate  basal  feed,  formulated  to 
provide  diets  of  isocaloric  and  isonitrogenous  value 
between  wheat  and  soybeans  (table  1). 


Table  1.— Composition  of  basal  feeds  used  in  preparing 
50  percent  diet  mixes  of  molded  wheat  and  molded 


Basal  feed  formulations  for— 

Molded  Molded 
wheat  soybeans 

Weight  proportions,  percent 

Yellow  corn   12.5   

Soybean  meal    25.0   . 

Alfalfa  meal     2.0  2.0 

Glucose  monohydrate1   40.0 

Dicalcium  phosphate   2.0  2.0 

Limestone    1.0  1.0 

Salt   .5  .5 

Vitamin  mix*   .5  .5 

DL-Methionine   .1  .1 

Yellow  grease   7.0    

Cellulose1     4.5 

'Orclow.  produced  by  Corn  Product*.  Inc..  Aruo.  111. 

'ConiMiiunff.  per  kil'wam.  1,100,000  It'  vitamin  A.  440.000  ICV  vitamin 
1>»,  4,400  If  vitamin  K.  220  mg,  menadione,  880  m«.  riboflavin,  1,760  m«. 
pantothenic  acid.  88  «.  niacin.  88  k.  choline.  1.76  lag.  eobalamine.  and 
22  (t.  etlmxyquin.  Fur  ihv  wybcan  mix™,  other  additnea  vr.iv  made  to 
provide,  per  kilogram.  4.4  ma.  thiamine,  4.4  ma-  pyridoxinc,  n.22  mt. 
biotin.  and  0.2  percent  DL-Methiunim-. 

>S»lk»-floe  100,  a  product  of  Brown  Co..  lierlinr.,  S.H. 
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Molded  wheat  and  soybeans  were  produced  in 
groups  of  1 1  or  12  cultures  of  one  or  more  species 
including  all  strains  to  be  tested  of  a  species.  Good 
quality  Scout  winter  wheat  and  Chippewa  soybeans 
with  about  8  percent  moisture  were  used.  The  sub- 
strates were  cracked  in  a  roller  mill  in  approximately 
100-kg.  amounts,  screened  free  of  fine  particles,  and 
eleven  or  twelve  3.6-kg.  lots  placed  in  individual 
plastic  sacks.  Each  lot  was  wetted  with  1  1.  of  tap 
water,  shaken  several  times  thereafter  to  prevent 
caking,  and  equilibrated  1  or  2  days  at  4°  C.  There- 
upon, each  lot  (wheat  one  day  and  soybeans  the 
next,  or  vice-versa)  was  divided  between  two  flat 
paper  bags  (4  ply,  48  cm.  wide,  80  cm.  long)  which 
were  then  laid  flat  on  an  autoclave  wire-mesh  rack. 
The  grain  within  each  bag  was  spread  uniformly 
over  the  inside  surface.  The  mouth  of  the  bag  was 
then  folded  once  and  stapled  shut.  After  autoclaving, 
30  minutes  at  121°  C.  and  cooling,  the  content  of  each 
pair  of  bags  was  dumped  into  a  clear  polyethylene 
flat  sack  (3  mil  thick,  48  cm.  wide,  112  cm.  long). 
The  sack  previously  had  been  rinsed  with  70  percent 
cthanol  and  drained.  The  transferred  grain  was  inoc- 
ulated immediately.  The  inoculum  was  a  7-  to  10-day- 
old  sporulating  culture  developed  on  20  to  30  g.  of 
corresponding  sterilized  grain  in  a  300-ml.  Erlen- 
meyer  flask.  All  flask  cultures  were  established  direcdy 
from  spores  present  on  agarslant  cultures  received 
from  the  Peoria  Laboratory. 

Molding  of  grain  in  each  plastic  sack  was  promoted 
by  laying  the  sack  flat  on  a  tiered  shelf  in  a  darkroom 
at  23°  to  30°  C,  by  uniformly  spreading  the  content  to 
the  full  width  of  the  sack,  and  by  tenting  the  sack  with 
a  centrally  placed  15  cm.  long  sterilized  wooden  stick. 
The  content  of  each  sack  was  shaken  daily,  or  less 
often,  depending  on  the  apparent  progress  of  mold 
growth.  After  5  or  6  days  for  slow-growing  cultures, 
the  molded  grain  from  each  sack  was  spread  thinly  to 
dry  for  3  or  4  days  on  paper  in  a  shaded,  dry  green- 
house. The  dried  material  was  then  ground  in  a  coffee 
bean  grinder  and  mixed  with  an  appropriate  basal 
feed.  For  50  percent  mixes,  2.25  kg.  of  ground  moldy 
grain  was  needed  for  chicks;  0.45  kg.  was  needed  for 
mice. 

Mice  were  housed  in  suspended  wire  cages  and  fed 
from  one-hole  cups,  one  per  cage;  chicks  were  housed 
in  thermos tatcd  standard  chick  batteries  and  fed  from 
a  trough.  Dead  and  terminally  killed  chicks  and  mice 
were  examined  grossly  for  pathological  lesions  of  in- 
ternal organs  and  histologically  for  liver  and  kidney 
cellular  changes.  In  the  absence  of  death  within  a  cage 
or  pen,  one  animal,  at  least,  was  examined  histologi- 
cally. 

A  least  significant  difference  factor,  at  a  one  chance 
in  20  probability  level,  of  average  weight  gain  be- 
tween any  two  cages  or  pens  of  four  to  six  animals  in 


each  test  was  determined  from  the  analysis  of  variant 
on  the  basis  of  logarithms  of  the  data.  A  single  factor 
was  determined  for  all  three  weighings  of  mice,  for 
the  last  two  of  chicks,  for  the  average  of  these  weigh- 
ings, and  for  the  ratio  of  the  last  weighing  weight  to 
the  first.  Significant  differences  at  first  were  assessed 
from  nonmoldy  control  feeds,  but  later  they  were 
assessed  from  the  average  of  all  feeds. 

Results 

At  this  writing,  247  cultures  of  63  Aspergillus  species 
from  10  of  18  taxonomic  groups  (table  2)  were  tested 
for  mycotoxic  properties  to  chicks  and  mice  on  wheat 
and  soybean  substrates.  This  covered  14  chick  and  13 
mouse  trials,  each  trial  with  300  to  336  animals. 

Table  2.— Species  group  and  number  of  NRRL  cultures 
or  Aspergillus  species  xesieo  lor  mycoioxic  profwmci 


Species  group  Species  and  number  of  cultures 


Clavatus  Clavatus  (4),  gigantcus  {'2). 

Flavus  .    Flavus  (9+2  var.),  oryzac  (11+1 

var.),  parasiticus  (3). 
Versicolor  Granulosus  ( I },  janus  (3),  pulvinux  ( I ), 

sydowi  (10),  versicolor  (10). 
Candidas   Candidus  ( 10). 

Ochraceus  -  -  -  Auricomus  (2),  elcgans  (1),  mellrus  (7), 

ochraccus  (10),  ostianus  ( 1 ), 
petrakii  ( 1 ),  quercinus  (6), 
sclcrotiorum  (2),  sulphureus  (10). 

Restrictus  Cacsiellus  (1),  amicus  (3),  gracilis  (2), 

pcnicilloides  (1),  restrictus  ('J). 

FumiRatus   Auratus  ( I  ),  brevipe*  (  1  ), 

duricaulis  (1),  rischeri  (2  +  3  var.), 
fumigatua  (7  +  1  var.), 
quadricinctus  (2),  stramenius  f  I ), 
viridi-nutans  ( 1 ). 

Niger   Aculeatus  (2),  awamori  (3), 


flcuuin  (2),  foetidus  (2+2  var.), 
hetcromorphus  (1),  japonicus  (2), 
niger  ( 10),  phocnicus  (4), 
pidverulentis  ( 1 ),  tubingensis  ( I  I. 

Glaucus. .   Amstelodami  ( 10),  athecius  ( 1 ), 

carnoyi  ( I ),  chcvalicri  (9+2  var.  I. 
cristatus  (2),  echinulatus  (3), 
mangini  (3),  medius  (1 ), 
inontrvidrnsis  (1),  niveo-glaucu*  (3), 
proliferans  (I),  pseudoglaucus  (2), 
rrpens  (10),  ruber  (10),  lonophilus 
( 1 ),  umbrosus  (2). 

Flavipcs   _  .  Flaviprs  (10). 


Toxic  cultures.— On  one  or  both  substrates,  55 
cultures,  or  22  percent  of  those  tested,  were  toxic  to 
one  or  both  animal  types  (three  or  more  deaths  in 
five  or  six  animals):  32  were  toxic  to  chicks,  42  were 
toxic  to  mice,  and  19  were  toxic  to  both  chicks  and 
mice  (table  3).  The  19  were:  one  culture  each  of  A. 
flavus  and  A.  ochr  actus,  two  of  A.  janus,  two  of  A. 
sclerotwum,  three  of  A,  quercinus,  four  of  A.  melleus, 
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Table  3.— NRRL  cultures  of  Aspergillus  species  on  wheat  and  soybeans  toxic  or  growth  stunting  to  chicks  or  mice, 

with  indications  for  low-feed  consumption 


Species 


NRRL 


Number 


Chicks 


Soybean 


Wheal 


Mice 


Soybean 


Wheat 


Giganteus  

Clavatus  

Do.  

Do  

Flavus  

Do  

Do...  

Do  

Oryzae  

Do  

Do  

Do  

Oryzae  v.  effusus. 

Parasiticus  

Sydowi  

Do  

Do...  

Janus.   

Do.  

Candidas  

Do.  

Do  

Do   

Do  

Granulosus  

QuercinuS-  

Do  

Do  

Do  

Do  

Ochraccus  

Do  

Do  

Do  

Do  

Do  

Sclerotiorum  

Do  

Sulphureus  

Do  

Do  

Do  

Do  

Do  

Do  

Do  


Do   . 

Do    

Do    

Do  

Do    

Do  

Elegans   

Kcstrictus  

Do  ..  _  

Do  

Do  

Conicus  

Gracilis.  _ .  

Pcnicilloides   

Fumigatus  

Do  

Do    

Do  

Do  

Fumigatus  v.  Ellipticus  

Viridi-nutans  


A- 
A- 


A 
A 


A 
A 


A 
A 


A 
A 


10 

14,  106 
4 

14,  542 
450 
2999 
14,  205 
14,  210 
A-51 
408 
506 
699 
1958 
465 
242 
12,  469 
12,  981 
1787 
1936 
309 
310 
12,  395 

12,  329 
1720 
1932 

392 
394 
396 

13,  493 
13,  494 

3174 
398 
399 
400 
410 

2864 
415 

4901 


A- 


387 
389 
4077 
A-829 
A-830 
A-832 
A-6924 
416 
5103 
A-975 
A-993 
A-2305 
2306 
13,  653 
4850 
145 
148 
151 
154 
641 
4962 
4548 
171 
12,  248 

12,  386 

13,  658 
15,  151 

5109 
4365 


Is1 


S1 


Is 

S 


T 

Ts 

T 

Ts1 

S' 


T 
1 

S 

Sl 

i 


s 


S 

T' 

Ti 

T' 


T» 

Ti 

T. 

T» 
Ti 

S' 
T' 


P 


T" 
T' 


(') 


Ts 
T 


s 
s 
s' 

s> 

Ts1 


S 
s 
Is 
Is 


Is 

Is 

S 
s 


T 

S 

s 
s 
s 

S 
Tl 
Ts1 
Ts' 


r. 

Ts1 
Ts' 
Ts> 
T' 


1' 


T' 
T' 


S' 


S' 


Sr 


S 

Ts' 


s 

Sr 


Sr 
T' 
T' 
S' 
T> 
•p 


T 

T5> 

T» 

Ts 

T 

T' 

T 

Is' 

T 

T 


T 
Sr 
T« 
Is 

T> 

T» 

S 

s 

S 

T 

s 

Sr 


S 
S1 


S' 


S' 

s 

s1 


S' 


T 
T> 


T' 

T» 
•p 


T' 


T' 

Ts' 

Ts' 


T' 


T 
T' 


T' 

"t" 

T' 


s 

r 

S' 

s 

S' 

s' 

s 

T' 

s 

T' 

s 
•p 

T 

(') 
T 

"p 
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Table  3.-NRRL  cultures 


of  Aspergillus  species  on  wheat  and  soybeans  toxic  or  growth 
with  indications  for  low-feed  consumption—Continued 


stunting  to  chicks  or  mice, 


NRRI. 


Number 


Chickii 


Mice 


Soybeans 

Wheat 

Soybeans 

Wheat 

*C  1 

r 

1  ' 

1  1 

£> 

S 

Is1 

Ts 

S 

T 

s 

c 
S 

CI 

T' 
ar 

c) 

o 

'1*1 
TI 

Sr 

S' 

s> 

Ts' 

S> 

T1 

Sr 

S1 

Sr 

S' 

Sr' 
Ts' 

Sr 

Sr 

(') 

S1 
r 

Sr 

S1 
S' 

S 

S' 

_      S»     

s 

Tl 

T 

s 

S' 

s» 

S' 

s 

Brevipes  

Fischeri  

Fischeri  v.  Spinosus.  

Quadricinctus  

Carbonanus  

Aculeatus.  _  _ 

Ficuum    

Foetidus  

Foctidus  v.  Pallidus  

Japonicus  .   

Phoenicia.  

Do---  

Tubingensis  

Niger  

Do  

Do  

Do  

Do  

Do   

Do  

Repens  

Do  

Do  

Do  

Do  

Do  

Pseudoglaucus  

Ruber  

Do  

Do  

Tonophilus  -  

Chevalieri  

Do  

Do  

Do   

Do  

Chevalieri  v.  Mullisporus 
Amstelodami  

Do  

Flavioes  

Do""I"""""- 

Do  

Cristatus  

Medius  

Echinulatus  

•Low-(eed  eousuniplioti. 
Notm. — T  -  toxic;  3  or  m. 
final  to  initial 


4078 
181 
5034 
2154 
370 
358 
364 
341 
4797 
1782 
2253 
4757 
4866 
3 

326 
330 
367 
A-208 
A-314 
A-412 
U 
14 
47 

A-12,  277 
A-12,  409 
A-12,  480 
38 
52 
53 

A-12,  460 
5124 
79 
80 
81 

A-12,  406 
A-12,  673 
88 
110 

A-12,  675 
531 
1618 
1723 
1959 
4222 
246 
137 


(') 
S 


S 
s 


Sr 

-S 


Ts 


T 
S 


T 
S 
T 

T 


rhick*  or  mirr  killed  of  5  or  6  on  U-»t;  S  =  growth  utmiting;  »  -  growth  ntunting  nf  nurvivorn;  r  -  low-growth  r»tio  oi 


and  six  of  A.  sulphureus.  On  both  substrates,  15  were 
toxic  to  chicks,  1 3  were  toxic  to  mice,  and  1 1  were 
toxic  to  both  chicks  and  mice.  The  1 1  included  one 
culture  each  of  A.  quereinus  and  A.  ochraceus,  two  of  A. 
sclerotiorum,  three  of  A.  melleus,  and  four  of  A.  sulphttreus. 
A  culture  of  A.  flavus,  of  A.  parasiticus,  and  of  A. 
fumigatus  could  be  added  to  this  list  if  growth  stunting 
from  the  other  substrate  or  to  the  other  animal  type 
is  taken  for  toxicity. 

Growth  stunting  by  nontoxic  cultures. — Fifty-nine 
nontoxic  cultures  (24  percent)  stunted  the  growth  of 
one  or  both  animal  types  on  one  or  both  substrates 


(table  3).  Thirty-five  stunted  the  growth  of  chicks,  37 
of  mice,  and  13  of  both  chicks  and  mice.  The  13 
represented  one  culture  each  of  A.  clavatus,  A.  quereinus, 
A.  ochraceus,  A.  fumigatus,  A.  ficuum,  and  A.  amstelodami; 
two  of  A.  ruber;  two  of  A.  niger;  and  three  of  A.  oryzae. 
Mice  were  stunted  on  both  substrates  by  single  cul- 
tures of  A.  giganteus,  A.  niger  and  A.Jiavus;  chicks  were 
stunted  on  both  substrates  by  one  culture  each  of  A. 
niger,  A.  quereinus,  and  A.  fumigatus,  and  by  two  of  A. 
ochraceus. 

Growth  stunting  by  toxic  cultures. — Growth  stunt- 
ing generally  was  associated  with  toxicity  expression. 
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However,  a  culture  toxic  to  only  one  animal  on  one 
substrate  often  did  not  stunt  growth  of  the  other 
animal  type  on  the  same  or  other  substrate.  Of  44 
cultures  toxic  to  one  or  both  animal  types  on  one  or 
the  other  substrate,  only  17  stunted  growth  where 
diere  was  no  toxicity.  The  others  stunted  only  where 
there  was  toxicity.  The  results  support  a  low-order 
expectancy  of  stunting  from  a  toxic  culture  where 
there  is  no  toxicity. 

Low-feed  consumption.— Of  102  toxic  combina- 
tions of  55  toxic  cultures,  two  substrates,  and  two 
animal  types,  66  showed  low-feed  consumption,  while 
of  20  nontoxic  growth  stunting  combinations  of  these 
same  items,  nine  showed  low-feed  consumption  (table 
3).  By  contrast,  of  80  growth  stunting  combinations 
of  59  nontoxic  cultures,  two  substrates,  and  two  animal 
types,  28  resulted  in  low-feed  consumption.  Low- 
feed  consumption  appeared  to  be  associated  more 
with  toxic  cultures  than  with  growth-stunting  non- 
toxic ones. 

Pathology. — Lesions  from  anatoxin  toxicity  to  liver 
and  kidneys  of  chicks  fed  toxigenic  cultures  of  A. 
flaws  and  A.  parasiticus  were  those  abundantly  de- 
scribed by  other  investigators  (/).  These  included 
yellow,  tan,  or  reddish  mottled  livers  grossly.  Micro- 
scopic changes  included  strong  eosinophilic  staining, 
abundance  of  foamy  cells,  vacuolation  of  cytoplasm, 
karyorrhcxis,  necrosis  of  hepatic  cells,  and  regenera- 
tion to  form  acinus-like  structures.  A  variable  degree 
of  bile  duct  proliferation  was  present.  Other  changes 
also  included  tan-colored  kidneys,  swollen  and 
protruding  from  their  bony  fossae,  with  abnormal- 
ly abundant  proteinaceous  debris  in  swollen,  con- 
voluted tubules,  and  with  degeneration  of  tubular 
epithelial  cells.  Kidney  lesions  in  mice  consisted  of 
mild  swelling  of  convoluted  tubules  around  the  mid- 
zone  of  the  cortex  outside  the  medulla,  and  a  swelling 
of  parenchyma  cells.  Such  lesions,  especially  in  chicks, 
were  so  distinctive  that  their  presence  in  chick  livers 
from  other  cultured  feeds  raised  questions  as  to 
whether  the  feeds  were  contaminated  with  A.flavus  or 
A.  parasiticus.  In  each  of  four  instances  the  suspicion 
was  borne  out  with  detection  of  the  toxin  and  of  one 
or  other  of  these  species  in  the  feed. 

Lesions  in  dead  or  terminally  killed  chicks  and 
mice  fed  other  toxigenic  cultures  generally  were  non- 
distinctive,  nonconsistent  among  cell  mates,  and  often 
not  different  from  nontoxigenic  cultures  or  control 
feeds.  This  lack  of  distinctiveness  was  surprising  and 
disconcerting  as  lesions  described  for  ochratoxin  A  in 
rats  as  tubular  necrosis  of  the  kidney,  mild  degenera- 
tion of  the  liver,  and  enteritis  (2)  were  presumed 
distinctive  and  readily  obtainable.  Lesions  from  16 
highly  toxigenic  cultures  of  A.  quercinus,  A.  sclerotiorum, 
A.  sulp/tureus,  A.  ochraceus,  and  A.  melteus,  of  which 


some  of  the  last  three  produced  much  ochratoxin, 
were  as  follows:  (a)  No  gross  lesions  in  93  and  76 
dead  chicks  on  molded  soybean  and  wheat,  re- 
spectively, and  in  three  and  14  surviving  chicks  on 
these  feeds  killed  at  test  termination;  and  (b)  no  gross 
lesions  in  about  one-half  of  101  and  58  dead  mice  on 
these  same  substrates,  hemorrhagic  or  mucoid  en- 
teritis in  about  one-fifth  of  these,  abscessed  lungs, 
abscessed  abdominal  cavity,  pleural  fluid,  and  tanned 
mottled,  abscessed,  or  enlarged  livers  in  the  rest  of 
them.  Surviving  mice  killed  at  the  end  of  the  test 
were  free  of  such  abnormalities,  and  their  livers  were 
free  of  internal  changes. 

Lesions  from  other  Aspergilli  were  similarly  incon- 
sistent among  cellmates,  but  a  pattern  seemed  to 
emerge  for  some  species  when  lesions  types  were 
pooled  from  a  number  of  cultures  and  from  related 
species.  Thus,  for  the  A.fumigatus  group,  air-sac  infec- 
tion and  discolored  livers  in  chicks  appeared  associated 
principally  with  A.jumigatus,  and  less  with  A.  duricaulis 
and  A.fischni;  whereas  pneumonia  and  lung  abscesses, 
enteritis,  and  enlarged  liver  and  spleen  in  mice  ap- 
peared associated  with  all  species  of  the  group,  except 
with  A.  viridi-nutans,  and  A.  stramenius. 

For  the  A.  niger  group,  no  gross  lesion  or  histological 
abnormality  in  liver  and  kidneys  was  noted  in  dead 
or  terminally  killed  chicks.  In  mice,  kidneys  were  pale, 
with  interstitial  nephritis  and  fibrosis;  convoluted 
tubules  were  swollen  and  cystic,  with  occasional  casts. 
Livers  were  free  of  significant  lesions.  Pneumonia 
with  occasional  lung  abscesses,  cervical  abscesses,  and 
enteritis  were  general  in  dead  or  terminally  killed 
mice  from  all  species  tested  within  this  group. 

For  the  A.  gtauais  group,  gross  and  histological 
lesions  in  liver  and  kidneys  of  chicks  were  absent,  or 
they  were  like  those  from  control  feeds.  Pneumonia, 
with  or  without  lung  abscesses,  discolored  kidneys  or 
liver,  or  both,  with  or  without  abscesses,  enlarged 
spleen,  cervical  abscesses,  and  enteritis  were  common 
with  mice  on  A.  ruber,  A.  chevalieri,  A.  cristatus,  and  A. 
tonophilus  cultures,  and  absent  or  nearly  absent  on  A. 
amstelodami,  A.  montevidcnsis,  A.  atkecius,  A.  proliferans, 
A.  umbrosus,  A.  mangini,  A.  cchinulatus,  A.  niueo-glaucus, 
and  A.  cristatus  cultures.  The  pathological  difference 
between  these  groupings  of  Aspergillus  species  may 
reflect  differences  between  batches  of  mice  more  than 
a  real  difference  between  the  groupings. 

For  A.  clavatus,  A.  fiavus,  A.  versicolor,  A.  candidus, 
and  A.  restrictus  groups,  and  excluding  single  cultures 
of  A.  flaiw  and  of  A.  parasiticus  discussed  above,  no 
gross  liver  and  kidney  tissue  lesions  were  detected  in 
either  chicks  or  mice.  The  exceptions  to  this  were 
cultures  of  A.  janus  on  wheat  from  which  four  or  six 
mice  died  with  abscessed  lungs  and  liver,  and  with 
enteritis. 
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Discussion 

The  range  of  response  of  chicks  and  mice  to  molded 
wheat  and  soybeans  in  our  test  in  some  measure 
parallels  the  response  of  ducklings,  mice  and  rats  to 
corn  molded  with  other  Aspergillus  cultures  tested  by 
Scott  (4).  This  investigator  fed  104  cultures  of  26 
Aspergillus  spp.  to  groups  of  three  Pckin  ducklings 
and  found  that  27  cultures  of  12  species  killed  all 
birds  within  2  weeks.  Thereupon  he  fed  the  27  cul- 
tures to  mice  and  rats  and  found  that  only  five 
cultures  in  different  species  killed  all  10  mice  and  all 
10  rats  on  test  within  4  weeks;  one  culture  in  another 
species  killed  three  mice  and  eight  rats,  and  one  cul- 
ture in  still  a  third  species  only  stunted  the  average 
growth  of  both  mice  and  rats.  The  differential 
response  of  chicks  and  mice  to  molded  wheat  and 
soybeans  in  our  tests  and  the  differential  response  of 
ducklings,  mice,  and  rats  to  molded  corn  in  Scott's 
test  would  tend  to  support  the  thesis  that  mycotoxicity 
is  an  interaction  effect  between  culture,  substrate, 
and  animal.  On  this  basis,  one  might  possibly  conclude 
that  any  Aspergillus  culture  may  be  toxigenic  in  some 
particular  combination  of  interacting  factors,  and 
that  no  toxigenic  culture  will  be  toxigenic  under  all 
circumstances. 

Of  some  concern  on  the  animal  side  of  our  tests 
was  the  presence  at  necropsy  of  varying  degrees  of 
gross  and  histological  lesions  that  occurred  independ- 
ently of  the  kind  of  feed  the  animals  were  on.  Such 
lesions  were  believed  due  to  latent  infections  that 
came  with  the  batches  of  animals  received.  Lesions  in 
chicks  were  omphalitis,  and  liver  erythrolcukosis  and 
its  associated   hemorrhages,  fat  infiltrations,  and 


enlarged  spleen.  Lesions  in  mice  were  liver  murine 
viral  hepatitis  with  its  scattered  foci  of  mononuclear 
and  polymorphonuclear  cells,  and  small  to  large 
granulomatous  lesions.  A  Corynebacterium  was  isolated 
from  a  gross  caseous  abscess  in  a  liver.  No  assessment 
was  made  of  the  effect  such  infections  had  on  animal 
response  to  moldy  feed. 
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Summary 

Preliminary  studies  of  three  different  methods  to 
test  for  acute  toxicity  have  been  carried  out  in  order 
to  devise  a  rapid,  simplified,  and  precise  screening 
method  for  a  large-scale  study  of  mycotoxins  and  to 
provide  information  concerning  the  mycotoxic  status 
of  Japanese  foods. 

The  first  method  employed  subcutaneous  injection 
of  mice  with  filtrates  of  fungal  cultures  from  two 
different  kinds  of  liquid  media  and  the  second  em- 
ployed methanol  extracts  from  cultures  on  solid 
medium.  Cultures  of  fungal  isolates  from  flour-type 
foods  and  domestic  rice  were  employed  in  these  tests. 
A  third  method,  the  chicken  embryo  method,  was 
also  investigated  for  its  applicability  as  a  myotoxin 
assay.  The  latter  method  employed  representative 
toxic  and  nontoxic  strains  of  fungi  and  six  kinds  of 
pure  mycotoxins. 

The  fungus  metabolites  of  Penicillium  islandicum, 
Aspergillus  clavatus,  and  A.  oc/traceus  from  the  flour 
foods  and  P.  expansum  and  P.  islandicum  from  the 
domestic  rice  proved  to  be  highly  toxic  to  mice  by 
subcutaneous  injection.  Precise  and  simplified  bioassay 
for  large  scale  mycotoxin  screening  is  discussed  in  this 
paper. 

Introduction 

Since  1965,  a  mycotoxicological  study  on  Japanese 
foodstuffs  has  been  designed  and  carried  out  to  provide 
information  concerning  the  mycotoxic  status  of 
Japanese  foods. 

Prior  to  the  present  study,  an  extensive  mycological 
survey  on  wheat  flour  and  other  kinds  of  flour  (6) 
and  rice  (8)  had  been  carried  out  using  the  cultural 
procedure  and  then  testing  representative  fungal  iso- 
lates for  toxigenicity.  During  course  of  these  studies, 
the  authors  were  often  faced  with  the  difficult  problem 
of  choosing  a  biological  assay  which  was  the  most 
reliable  method  for  the  detection  of  toxic  fungi,  espe- 
cially for  the  first  screening  step.  Feeding  trails,  or 
force-feeding  of  experimental  animals  by  stomach 
tube,  had  been  frequently  applied  by  earlier  workers 


(3,  15,  16,  18).  Intraperitoneal  or  subcutaneous  injec- 
tion of  fungal  metabolite  had  been  used  principally 
for  the  determination  of  acute  toxicity  of  some  fungal 
metabolites  and  etiological  research. 

On  the  other  hand,  some  mycotoxin  research 
groups  (2,  3,  5)  have  successfully  employed  testing  by 
dermal  toxicity  in  the  rabbit  skin  with  ether  or 
methanol  extracts  of  fungal  substrates.  In  a  large 
scale  of  examination,  such  as  the  present  study,  feed- 
ing trials  were  not  feasible  for  preliminary  testing 
because  of  the  troublesome  necessity  for  preparation 
of  moldy  feed.  Therefore,  subcutaneous  injection  of 
cultural  filtrates  of  methanol  extracts  of  solid  cultures 
were  used.  Subsequently,  the  possibile  usefulness  of 
the  chicken  embryo  technique  for  mycotoxin  assay 
was  investigated  using  both  known  and  suspected 
strains  of  toxic  fungi. 

Methods  and  Results 

Toxicity  test  I,  preliminary  investigations  (7). — 
These  were  carried  out  in  order  to  compare  the 
applicability  of  toxicity  tests  using  two  different 
procedures  of  administration;  feeding  animals  with 
fungus  infected  substrates  and  subcutaneous  injection 
of  filtrates  of  fungus  cultures.  Four  species  and  12 
strains  of  known  or  suspected  toxic  fungi  which  had 
been  isolated  from  foodstuffs  were  employed. 

For  the  feeding  trials,  moldly  feed  was  made  of 
fungus  infected  corn  meal  mixed  with  equal  amounts 
of  the  commercial  mouse  diet.  Culture  filtrates  of  the 
fungi  were  prepared  from  two  liquid  media  of  either 
glucose-peptone  (GP  medium)  or  Czapek-Dox  (Cz 
medium)  medium  cultured  for  3  weeks  at  25°  C.  In 
the  case  of  the  subcutaneous  administration,  a  single- 
dose  of  0.5  ml.  of  filtrate  was  injected  subcutancously 
into  the  back  of  a  mouse. 

Male  mice,  15  to  18  g.,  were  caged  in  groups  of  five 
and  were  allowed  feed  and  water  ad  libitum.  All  sur- 
viving animals  were  killed  and  autopsy  performed  on 
the  4th  to  7th  day  after  the  start  of  the  investigation. 
Control  mice  were  given  the  commercial  mouse  diet 
or  the  same  dose  of  uninoculated  culture  medium. 

Tabic  1  shows  the  results  of  the  comparative  in- 
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Table  1. -Preliminary  toxicity  teste  for  the  determination  of  i 


Subcutaneous  injection 


Fungus  species  and  strain  no. 


Origin 


Feeding  trials1       GP  medium 


Cz  medium 


Aspergillus  flaws: 

WF-3-8..   Wheat  flour  

WF-8-1   do  

RF-5-1  _  Rice  flour  

ATCC-15517   Anatoxin  producing  strain. 

Aspergillus  clavatus: 

WF-44-10  Wheat  flour  

WF-38-11  do   

RF-7-1   Rice  Hour  

Aspergillus  ochraceus: 

WF-18-6  Wheat  flour.  

SF-13-1  Soybean  flour  

RF-9-5  Rice  flour.  .  ,  .  

Aspergillus  fumigates: 

WF-14-2  Wheat  Hour  

WF-H-7  do  


+ 
+ 

n.d. 
+ 

+  + 


n.d. 
+ 


+ 
- 


+  + 
+  + 
+  + 

+ 

+ 


'Sulid  mndium  of  fung<u-infcctr*l  corn  meal  mixed  with  mouw  diet. 
Notkh. —  +  +.  highly  tone,  all  tost  animalu  died;  +.  mildly  tone,  o 


+  .  dlkghUy  toxic.  la»»  ol  body  wrinl.t:  -.  nontoxic;  n.d.,  no 


vestigation.  In  general,  it  appears  that  toxic  effect 
demonstrated  by  feeding  was  greater  than  by  sub- 
cutaneous injection.  The  toxic  effect  with  subcutane- 
ous injection  was  judged  to  be  less  sensitive  than 
feeding,  still,  it  should  be  emphasized  that  its  use  as  a 
biological  assay  has  points  in  its  favor.  The  subcutane- 
ous method  is  a  more  rapid  and  simplified  technique 
for  the  detection  of  toxicity  because  it  docs  not  require 
the  complicated  handling  and  troublesome  prepara- 
tion of  mold  ly  feed.  Therefore,  subcutaneous  adminis- 
tration of  mice  was  applied  in  our  subsequent  toxicity 
tests.  As  the  toxic  effects  were  different  when  the 
fungus  was  cultured  in  the  different  media,  it  was 
essential  that  both  media  be  used  for  our  screening 
tests. 

It  was  interesting  to  note  that  the  aflatoxin  pro- 
ducing strains  of  A.  Jlavus  (ATCC-1551 7  and  WF-3-8) 
had  not  revealed  their  toxigenicity  in  our  investiga- 
tion. This  might  be  attributed  to  the  low  susceptibility 
of  the  mouse  to  aflatoxin  as  reported  by  Allcroft  and 
Carnaghan  (/). 

Toxicity  test  II,  subcutaneous  injection  of  culture 
filtrates. — Based  on  the  decision  described  above, 
subcutaneous  administration  of  culture  filtrates  of 
fungi  to  mice  were  applied  on  a  large  scale.  The  88 
representative  strains  of  fungi  were  utilized.  These 
were  selected  from  the  group  of  flour-borne  fungi, 
which  had  been  investigated  and  collected  by  the 
authors  (6').  Test  method  and  an  assessment  of  toxicity 
were  made  in  the  same  manner  as  described  in  the 
preliminary  investigation  (toxicity  test  I). 

Approximately  10  percent  of  examined  fungi  were 
found  to  be  highly  toxic  by  this  bioassay  method 
(table  2).  In  the  test  on  culture  filtrates  from  the 


GP-medium,  all  mice  were  killed  by  the  injection  of 
culture  filtrates  of  four  strains  of  P.  islandicurn.  Seven- 
teen strains  of  fungi,  including  P.  cilrinum,  P.  islandicurn, 
P.  viridicalum,  P.  ochraceum,  P.  spinulosum,  A.  candidus, 
A.  clavatus,  A.  versicolor,  A.  ochraceus,  and  A.  fumigatus, 
were  mildly  toxic  to  mice.  On  the  other  hand,  when 
employing  culture  filtrates  from  Cz-medium,  only 
one  strain  of  P.  islandicurn  and  five  strains  of  A.  clavatus 
were  highly  toxic.  Eight  mildly  toxic  strains  including 
P.  cilrinum,  P.  viridicatum,  P.  ochraceum,  A.  Jlavus,  and 
A.  ochraceus  were  detected. 

These  results  indicated  that  there  was  considerable 
difference  in  mycotoxin  production  depending  on  the 
kind  of  substrate  on  which  test  fungi  were  grown.  As 
far  as  artificial  media  being  employed  for  the  screen- 
ing test,  the  disadvantage  of  choosing  a  medium  was 
unavoidable.  Therefore,  it  was  felt  that  the  natural 
substrate  from  which  the  fungi  had  been  isolated, 
such  as  corn,  wheat  meal,  and  rice  etc.,  should  be 
employed  for  the  bioassay.  Furthermore,  no  toxic 
effects  had  been  detected  from  the  10  strains  of  A. 
Jlavus  tested.  This  result  seemed  reasonable  because 
the  mouse  has  been  recognized  as  an  aflatoxin  resist- 
ant animal,  since  routine  chemical  assay  for  the  afla- 
toxin revealed  that  the  two  strains  of  A.  Jlavus  were 
characterized  as  aflatoxin  producers  (9).  From  these 
results,  it  should  be  noted  that  the  cultural  filtrate 
method  used  in  this  test  was  not  suitable  for  the 
detection  of  aflatoxin. 

As  far  as  the  bioassay  for  mycotoxin  is  concerned, 
subcutaneous  injection  of  culture  filtrates  which  pos- 
sibly contained  extracellular  fungal  metabolites,  was 
applicable  only  for  the  detection  of  certain  strains 
of  toxic  fungi  and  could  not  be  assumed  as  an  ade- 
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2.— Summarized  data  of  toxicity  test,  II  in  mice  with  the  88  re 
strains  of  fungi  isolated  from  various  kinds  of  flour 


Fungi 


Number  of 


Toxicity  on  GP 


Toxicity  on  Cz  medium 


examined       High 1 


Mild' 


None' 


HiSh 


Mild 


None 


Ptnkitl. 


turn: 

P.  eitrinum  

P.  islandicum. 

P.  notatum  

P.  mridicalum. 

P.  lanosvm  

P.  ochr  actum . . 


P.  spinulosum  

Aspergillus: 

A.flavus  

A.  eandidus  

A.  clavalus  

A.  versicolor  

A.  ochraceus  

A.  lerreits  

A.fumigahu  

Other  fungi: 

Cladosporium  sphacrospermum . 

Trichothecium  roseum  

Aiternaria  tenuis  


Total:..  

1  otal,  percent  


10 
10 

5 
:» 
3 
3 
3 

10 

5 

:> 

:. 
> 

3 
2 

:> 
'> 
3 


1 

2 


4 

4.5 


17 
19.3 


9 
4 

5 
3 
3 
2 
2 

10 
2 
2 
4 
1 
3 
1 

5 
••> 
3 
3 


67 
76.2 


6 

6.8 


8 

9.1 


« 
9 

:> 

4 

3 
2 
3 

9 
5 


3 
2 

:> 

3 
3 


74 
84.1 


•For 


quate  bioassay  for  screening  a  large  number  of  un- 
known toxin  producers. 

Toxicity  lest  III,  subcutaneous  injection  of  cul- 
ture filtrate  and  methanol  extracts  from  solid 
substrate  (10).— In  the  toxicity  test  II,  only  culture 
nitrates  were  investigated.  By  this  method  it  was 
shown  that  toxic  properties  produced  in  the  mycelium 
might  not  be  contained  in  the  culture  filtrate.  Thus 
an  improved  method  for  toxicity  determination  was 
investigated  using  the  methanol  extracts  of  solid  cul- 
tures of  the  fungi.  The  82  representative  strains  of 
fungi  isolated  from  milled  rice,  which  were  harvested 
in  1965,  were  examined. 

For  the  preparation  of  methanol  extract,  rough 
rice  was  soaked  in  tap  water  and  drained.  The 
moistened  rice  was  then  placed  in  Roux  flasks  and  10 
ml.  of  water  was  added  to  each  flask  before  steriliza- 
tion. After  inoculation  of  fungus,  the  flasks  were  cul- 
tured for  4  weeks  at  25°  C.  The  moldly  mass  was  first 
dried  at  70°  C.  and  then  crushed  and  powdered  in  a 
Waring  Blendor.  The  powder  was  extracted  with 
methanol  for  24  hours  in  a  Soxhlet  apparatus.  The 
methanol  extract  was  concentrated  in  a  rotary 
evaporator  in  vacuo.  For  use  in  the  toxicity  tests,  the 
concentrated  methanol  extract  was  dissolved  in 
propylene  glycol.  Doses  of  250  and  1,250  mg./kg. 
body  weight,  respectively,  were  administered  to  male 
mice,  15  to  18  g.  The  1,250  mg./kg.  seemed  to  be  the 
maximum  dose  for  the  screening  step.  Culture  filtrates 


used  in  this  test  were  identical  to  the  previous  test 
(toxicity  test  II). 

Table  3  shows  the  toxicities  of  a  representative 
group  of  fungi,  comparing  their  liquid  culture  filtrates 
and  their  methanol  extracts.  Different  degrees  of 
toxicity  were  shown,  depending  on  different  sub- 
strates, but  in  the  case  of  P.  islandicum  (MR-206-6) 
culture,  the  toxicity  was  evident  in  both  liquid  and 
solid  cultures.  It  is  suggested  that  this  strain  has  the 
ability  to  produce  at  least  two  different  kinds  of  toxic 
substance  (15,  16);  producing  islanditoxin  in  the  cul- 
ture filtrate  and  lutcoskyrin  in  the  mycelium.  The 
islanditoxin,  a  chlorine-containing  cyclic  peptide, 
was  confirmed  by  our  chemical  assay. 

The  Cz-mcdium  culture  of  P.  expansion  (MR-212-3) 
was  recognized  as  highly  toxic,  but  no  toxic  effect 
was  noticed  from  the  GP-medium.  Patulin  and  other 
newly  disclosed  toxic  compounds  were  detected  by 
chemical  analysis.  The  other  eight  strains  of  fungi 
exhibited  toxicity  which  were  submitted  to  more  de- 
tailed toxicity  tests. 

The  summarized  data  of  toxicity  test  III,  on  all 
strains  tested,  are  presented  in  table  4.  Two  strains  of 
highly  toxic  fungi  (2.4  percent)  were  detected  by  the 
toxicity  test  III.  In  the  PenicUlium  group,  the  fungal 
metabolites  of  P.  expansum  and  P.  islandicum  were 
recognized  as  highly  toxic  and  metabolites  of  one 
strain  each  of  P.  cyclopium,  P.  cyclopium  var.  echinula- 
tum,  P.  decumbens,  and  P.  expansum  and  two  strains 
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Table  3.-Detalled  results  of  toxicity  test  III  showing  a  group  of  toxic  strains  of  fungi  isolated  from  milled  rice 


Fungal 


Strain 

number 
(MR-) 


Liquid  culture 


Solid  culture 


Toxicity  (dose  0.5  ml./ 
mouse) 


Toxicity  (dose  mg./kg.)* 


GP- 


Cz- 
mcdium* 


250 


1,250 


P.  cnlopium  West.  var.  echinutatum  T.  &  R.. 

P.  dtcumbens  Thorn  

P.  expansum  Link  

P.  Toquejorli  Thorn  


Aspergillus: 
A. 


Thorn  and  Raper.  .  . 


188-1 

163-2 

+ 

72-3 

± 

+ 

212-3 

+ 

202-6 

± 

+ 

+  + 

212-2 

219-2 

± 

± 

208-4 

± 

163-1 

+ 

+ 

For  •ymholn.  wo  uihlc  1 . 


,  filtrate. 


Table 


test  III  with  82  representative  strains  of  fungi  isolated  from  milled  rice  by  I 
injection  of  culture  filtrates  and  methanol  extracts  into  mice 


Fungi 


Number  of 


Toxicity 


Mild' 


None1 


Penicillium  (scries): 

P.  cyclopium   

P.  citnnum  

P.  chtysogenum   

P.  decumbent   

P.  roqutJoTli  

/■*.  cindicatum  

P.  canescens  

P.  commune  

P.  expansum  

P.  fr  fjutnUiJU  

P.  rugulosum  

P.  digitatum   

P.  funiculosum  

P.  implicatum  

P.  lerrestre   

Aspergillus  (group*): 

A.  glaucus  

A.  eersuoior.  _  

A.  flams  

A.  Candidas  

A.  nidulans  

A.  och actus   

Other  fungi: 

Fusarium  »pp  

Cladosporium  cladospotinides. 
Helminthospofium  oryzae . . . . 
'  *PP- 

Alttrnatia  I 

Piricularia  oryzae  

Ckattomium  globosum  

Total  

Total,  percent   

'For  decree  at  toiirity.  ntv  footnote  t*ble  1. 
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of  P.  roqueforti  were  determined  as  mildly  toxic  to 
mice.  In  the  Aspergillus  group,  no  highly  toxic  strain 
was  disclosed  by  this  study,  but  one  strain  each  of  A. 
mangini  (a  member  of  A.  glaucus  group)  and  A.  ver- 
sicolor proved  to  be  mildly  toxic.  The  other  fungi 
belonging  to  Ascomycetes  and  Fungi  Imperfecti  did 
not  exhibit  toxicity.  Comparing  the  results  of  tox- 
icity test  III  with  the  previous  test  II  using  culture 
filtrates  alone,  unexpectedly  revealed  that  this 
method  seemed  to  be  not  only  insensitive  for  the 
detection  of  toxic  fungi  but  also  was  not  simple  or 
rapid. 

Toxicity  test  IV,  chicken  embryo  test.— The 

sensitivity  of  the  chicken  embryo  to  mycotoxins  was 
examined  by  injection  with  two  kinds  of  materials: 
Culture  filtrates  of  mycotoxin  producing  mold  and 
propylene  glycol  solutions  of  pure  mycotoxins.  The 
species  and  strains  of  fungi  examined  and  their 
corresponding  mycotoxins  are  listed  below: 


A.  flavus  (WF-3-8)  Aflatoxin  B, 

and  Bj,  Kojic 
acid. 

A .  clamtus  ( WF-38- 11)   Patulin, 

Ascladiol. 

A.  ochraceus  (SF-13-1 ).  .  _  Pcnicillic 

acid. 

P.  islandieum  (WF-18-1)  Lutcoskyrin, 

Islanditoxin. 

P.  txpansum  (MR-212-3)   ..Patulin. 

P.  eitrinum  (MR-205-3)  Citrinin. 


Ochratoxin  has  not  yet  been  found  in  the  metabolites 
of  A.  ochraceus  by  our  chemical  assay.  The  other  two 
strains  of  A.flavus,  MR-169-1  and  RF-5-1,  as  shown 
in  table  5,  were  not  aflatoxin  producing  strains. 

Yolk  sacs  of  embryonating  (96  hours  of  incubation), 
White  Leghorn  eggs  were  injected  with  0.05  ml.  of 
culture  filtrates  of  both  of  the  Cz-  and  GP-media  or 
with  a  solution  of  the  pure  mycotoxin  dissolved  in 
propylene  glycol.  The  egg  was  observed  for  embryo 
viability  for  48  hours  after  injection.  Control  eggs 
were  injected  with  uninoculated  media  and  solvent. 
Noninjected  eggs  were  also  incubated  in  the  same 
manner  to  provide  the  necessary  information  on  the 
background  mortality.  Parallel  toxicity  tests  were 
carried  out  on  mice  by  subcutaneous  administration 
with  culture  filtrates  of  fungi,  as  had  been  employed 
in  the  previous  experiment. 

The  effects  on  the  culture  filtrates  are  presented  in 
table  5.  The  toxicity  of  culture  filtrates  of  A.  flavus 
(WF-3-8)  was  readily  confirmed.  This  toxicity  was 
more  conspicuous  in  the  GP-medium  than  in  the  Cz- 
medium.  On  the  other  hand,  P.  islandicum  which  had 
been  confirmed  as  a  toxic  strain  in  mice  was  not 
toxic  in  the  chicken  embryo.  The  Cz-mcdium  culture 
of  A.  clavatus  induced  40  percent  mortality  in  the 
embryos;  which  was  similar  to  the  result  in  mice.  A 
highly  toxic  effect  was  disclosed  in  both  culture  fil- 


trates of  Fusarium  sp.,  isolated  from  samples  of  milled 
rice,  although  toxicity  of  the  fungus  had  not  been 
demonstrated  in  toxicity  test  III.  Further  toxicity 
tests  on  this  fungus  arc  now  being  carried  out. 

The  results  of  the  chicken  embryo  test  on  pure 
mycotoxins  are  shown  in  table  6.  Aflatoxin  Bi  ob- 
tained from  A.  flavus  (WF-3-8)  showed  the  highest 
toxicity;  however,  the  other  mycotoxins  tested  exhib- 
ited no  appreciable  toxic  effect  Only  30  percent  of 
mortality  was  revealed  by  patulin,  from  which  a 
higher  mortality  had  been  expected.  Mycotoxin  injec- 
tion prior  to  incubation  (12)  was  an  unreliable  pro- 
cedure for  the  determination  of  toxigenicity  because 
of  high  mortality  even  in  the  control  eggs. 

Since  studies  on  chicken  embryo  test  have  been 
initiated  just  recently,  the  applicability  of  diis  test  for 
mycotoxin  screening  has  not  yet  been  thoroughly 
evaluated,  however,  it  is  the  authors'  impression  that 
the  embryo  method  seems  to  be  inadequate  for  large 
scale  screening,  even  though  the  method  is  simple 
and  rapid. 

Table  5.— Results  of  toxicity  by  chicken  embryo 
test  on  toxic  or  nontoxic  fungal  culture  filtrates 


Cz 


Fungal  species 

GP  medium 
chicken 
embryo 

Mice 

medium 
chicken 
embryo 

Mice 

Aspergillus  flams  

■10/10 

4/10 

(WF-3-8) 

Aspergillus  flavus  

2/10 

0/10 

(MR-169-1) 

Aspergillus  flavus  

0/10 

0/10 

(RF-5-1) 

Aspergillus  clavatus 

2/10 

4/10 

+  + 

(WF-38-II) 

Aspergillus  txhraceus. . . 

1/10 

0/10 

(SF-13-1) 
Penieillium  islanduum . 

..  0/10 

+  + 

1/10 

(WF-18-1) 

Penieillium  txpansum . . 

..  1/10 

10/10 

4-  + 

(MR-212-3) 

0/10 

3/10 

(MR-205-3) 

10/10 

5/10 

(MR-39-1) 

Cladosporium 

cladotporioidtt  . 

..  0/10 

0/10 

(MR-20-1) 

Aiternatia  tenuis.  

..  0/10 

0/10 

(MR-28-1) 

Control  media  

1/10 

1/10 

Nontreatment  . 

..  0/10,0/10 

•Dead  embryo*  per  total 
for  «ymbol*  »e»  table  1. 

inoculated. 

Discussion 

Several  techniques  for  the  mycotoxin  bioassay  have 
been  developed  and  are  under  study.  A  bioassay  of 
mycotoxins  as  a  screening  step  was  reported  in  1960 
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Table  6.— Results  of  toxicity  by  chicken  embryo 
tost  on  various  kinds  of  crystalline  mycotoxins 


Age  of  embryo 


Dose 

Prior  to 

96  hours  of 

(mg.  per 

incu- 

incu- 

Mycotoxins 

bation 

bation 

Aflatoxin  Bj  

0.4 

'10/10 
2/10 

10/10 

Kojic  acid.  

.5 

2/10 

Patulin  

.6 

5/10 

3/10 

Penicillic  acid  

.5 

5/10 

1/10 

Lutcoskyrin  

.5 

3/10 

2/10 

Citrinin   

.5 

3/10 

1/10 

Control: 

Propylene  glycol  

.05 

1/10 

1/10 

4/10 

0/10 

'Dead  embryo*  per  total  inoculated. 


by  JoflFc  (5),  who  employed  the  skin  test  in  rabbits, 
utilizing  ether  extracts  from  nioldly  substrates. 
Forgacs  (3)  also  reported  successful  results  utilizing 
the  dermal  toxicity  test  on  some  experimental  animals 
and  some  livestock.  Bumside  et  al.  (2)  studied  toxic 
metabolites  of  P.  rubrum  and  reported  that  it  caused 
death  of  swine  and  cattle  and  discussed  four  funda- 
mental toxicity  methods  for  mycotoxin  assay,  includ- 
ing skin  test  and  chicken  embryo  tests  with  mold 
culture  filtrates.  More  recently,  in  South  Africa,  Scott 

(13)  reported  the  results  of  extensive  toxicity  tests, 
utilizing  feeding  of  ducklings  and  fruitful  results  were 
obtained.  A  bioassay  using  the  chicken  embryo  has 
been  developed  by  Vcrrett  et  al.  (77),  since  Spensley 

(14)  discovered  its  high  sensitivity  to  aflatoxin.  A  cell 
culture  method  has  been  described  by  Legator  et  al. 
(11).  Gablik  et  al.  (4)  found  the  cell  culture  assay  to 
give  more  precise  and  rapid  results  than  the  duckling 
test. 

A  simplified,  ideal,  and  authorized  method,  has 
not  as  yet,  been  provided  for  mycotoxin  screening. 
Each  one  of  these  methods  mentioned  above  has  its 
own  merits  and  demerits  making  it  difficult  to  decide 
on  a  method  of  choice.  Furthermore,  there  are  so 
many  related  and  contributing  factors  which  might 
influence  the  production  of  toxic  metabolites  of  fungi, 
such  as,  kinds  of  culture  media  employed,  temperature 
and  period  for  culture,  routes  of  administration,  levels 
of  dosage,  and  kinds  of  experimental  animals.  For 
these  reasons,  it  should  be  anticipated  that  the  use  of 
only  a  single,  limited  method  in  large  scale  screening 
tests  would  not  provide  satisfactory  results.  The 
authors  have  carried  out  several  assay  methods  for 
large  scale  mycotoxin  screening:  Force  feeding  of 
moldy  feed,  subcutaneous  injection  of  culture  filtrates 
or  methanol  extracts  of  solid  culture  of  fungi  to  mice, 
and  injection  of  culture  filtrates  into  the  yolk  sac  of 
embryonating  chicken  eggs.  From  the  results  obtained 
it  is  concluded  that  unfortunately  no  ideal  method 


has  yet  been  discovered,  however,  it  is  the  authors' 
impression  that  subcutaneous  administration  of  fungal 
culture  filtrates  to  mice  could  be  a  useful  procedure 
for  large  scale  assays.  The  cell  culture  method 
might  be  useful,  despite  the  present  authors'  lack  of 
experience  with  the  method.  It  is  our  conception  that 
some  combined  methods  might  be  employed  for  the 
large-scale  mycotoxin  survey,  because  each  method 
has  its  advantages  and  disadvantages. 
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Summary 

The  following  mycological  characteristics  were 
found  to  be  the  most  common  in  the  aflatoxin  pro- 
ducing strains:  Color  of  conidial  heads  green  even  in 
old  culture;  the  reverse  side  of  colony  wrinkled  and 
colored ;  presences  of  sclerotia,  globose  to  subglobosc 
vesicles,  biseriate  sterigmata  and  conidiophore  with 
roughened  walls;  high  productivities  of  pigment,  total 
acid  and  kojic  acid;  low  abilities  of  browning  rice 
koji  and  of  production  of  deferriferrichromes. 

Three  strains  were  selected  from  160  industrial 
strains  as  mycologically  somewhat  similar  to  the  afla- 
toxin producing  strains,  all  of  which,  however,  were 
proved  not  to  produce  aflatoxin.  Four  out  of  29  afla- 
toxin strains  were  also  found  not  to  produce  aflatoxin. 
Therefore,  it  was  concluded  that  the  mycological 
cliaracters  described  above,  are  the  necessary  ones  to 
a  fungus  for  the  production  of  aflatoxin  but  that  the 
fungus  having  these  characters  may  not  always  pro- 
duce aflatoxin.  Finally,  the  aflatoxin  strains  were 
placed  in  the  Aspergillus  fiavus  series,  taxonomically. 

Introduction 

For  the  purpose  of  excluding  even  a  trace  amount 
of  aflatoxin,  impossible  to  be  detected  chemically  from 
foods  and  drink,  one  of  the  most  feasible  methods  is 
to  make  clear  the  mycological  differences  between 
the  producer  and  nonproducer  of  aflatoxin.  One  can 
then  exclude  any  strains  similar  to  the  producer  from 
the  microbiological  industries.  Such  procedures  will 
also  serve  to  provide  cultures  for  the  study  of  the 
physiological  mechanism  of  aflatoxin  formation. 

In  this  paper  we  report  on  the  mycological  char- 
acters of  29  aflatoxin  strains  and  compare  them  with 
those  of  Japanese  industrial  strains  which  were 
proved  previously  not  to  produce  an  aflatoxin.  We 
also  consider  the  mycological  differences  between  A. 
oryzae  and  A.flavus. 

Materials  and  Methods 

Microorganisms. — Most  of  the  aflatoxin  strains 
were  sent  from  the  Northern  Utilization  Research 
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and  Development  Division  (Peoria,  111.)  and  some  of 
them  from  the  Tropical  Products  Institute  (London), 
the  National  Institute  of  Health  (Japan)  and  the 
National  Institute  of  Hygienic  Science  (Tokyo).  The 
industrial  strains  were  isolated  by  the  authors  from 
starter  koji  (tane  koji)  in  Japan,  and  some  were 
received  from  the  Institute  of  General  and  Applied 
Microbiology,  University  of  Tokyo.  The  type  cultures 
of  A.  oryzae  and  A.  fiavus  were  received  from  the 
Department  of  Bacteriology,  University  of  Wisconsin, 
and  from  several  institutes  of  the  type-culture  collec- 
tions in  Japan. 

Culture  and  analysis.— The  Czapek  agar  and 
Adye  and  Ma  teles'  medium  (1)  were  used  for 
morphological  study  and  for  determination  of  afla- 
toxin productivity,  respectively.  Rice-koji  extract 
(Ballg.  8,  pH  4-5)  was  used  for  the  determination  of 
total  acid  and  kojic  acid  (2,  3).  Kojic  acid  in  this 
paper  means  any  substance  showing  a  red  color  after 
addition  of  FcCln  solution  to  the  cultured  broth. 

The  arrangement  of  sterigmata  and  formation  of 
sclerotia  were  observed  on  the  fungus  culture  culti- 
vated on  rice  koji  extract-agar  at  24°  C.  for  10  days 
and  on  the  giant  colony  incubated  at  34°  C.  for  10 
days  in  Czapek  agar,  respectively,  which  proved  to 
be  the  most  favorable  conditions  for  the  appearance 
of  these  mycological  characteristics  (4). 

Rice  kojis  were  made  using  10  g.  of  polished  rice  in 
100  ml.  flasks  by  the  same  culture  method  as  that 
reported  previously  (5).  After  cultivation,  the  cultures 
were  steeped  in  50  ml.  of  distilled  water  for  1  hour 
with  occasional  stirring  and  then  filtered.  To  5  ml.  of 
the  filtrate,  0.5  ml.  of  aqueous  solution  of  FeCb, 
containing  100  p.p.m.  of  Fc,  and  0.5  ml.  of  the  citric 
acid  buffer  solution  (pH  4.0)  were  added.  After  keep- 
ing the  mixture  at  60°  C.  for  30  minutes,  it  was 
analyzed  with  a  Hitachi  model  EPO-B  spectropho- 
tometer, at  430  nut,  using  a  cell  of  10-mm.  light  path, 
in  which  5  ml.  and  0.5  ml.  of  distilled  water  were  used 
as  controls  of  the  filtrate  and  the  FeCl3  solution, 
respectively.  The  productivity  of  deferriferrichromes 
by  fungus  (6",  7)  was  expressed  as  the  DF  value.  The 
DF  values  of  fungi  were  determined  by  the  mean 
values  obtained  by  three  replications  of  the  culture 
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and  determination  for  each  strain,  because  the  DF 
values  of  the  fungi  varied  sensitively  with  the  condi- 
tions of  culture. 

The  residual  matter  on  the  filter  paper  was  kept  at 
room  temperature  for  1  to  2  days  and  the  degree  of 
their  browning  was  compared,  each  with  the  other. 

Selection  of  the  industrial  strains.— From  the  re- 
sults obtained  it  seemed  that  there  were  some  common 
mycological  characteristics  in  the  anatoxin  strains. 
The  characteristics  of  160  industrial  strains  were 
compared  with  those  of  anatoxin  strains.  This  led  to 
the  selection  of  three  industrial  strains  as  the  strains 
mycologically  most  similar,  although  not  identical,  to 
the  aflatoxin  strains. 

Results  and  Discussion 

Common  characteristics  of  aflatoxin  strains. — 
Color  of  old  cultures  kept  the  green  tint  and  did  not  be- 
come brown,  as  is  usually  seen  in  .4.  oryzae.  The  reverse 
side  of  the  colonics  was  wrinkled  when  cultured  at 
both  34°  and  24°  C,  and  was  deeply  colored  brown, 
reddish  brown,  brownish  orange,  van  Dyke  brown  or 
sometimes  brownish  black.  Sclcrotia  were  found  in 
every  strain,  with  two  exceptions  of  NRRL  465  and 
NRRL  A4018b;  their  numbers  varying  from  few  to 
innumerable.  The  strain  ATCC  155  17  was  found  to 
produce  some  sclcrotia  in  this  experiment,  contrary  to 
a  previous  observation  (8).  Vesicles  were  usually 
globose  to  subglobose  and  sometimes  oval  shaped, 
and  larger  than  about  25/i  to  30>  in  diameter.  Sterig- 
mata  were  arranged  more  or  less  in  two  scries  in  every 
strain  with  an  exception  of  NRRL  A4018b,  which 
was  in  one  series.  Walls  of  conidiophores  were  very 
roughened.  Conidia  were  usually  smaller  than  about 
4.6m  to  4.8)1,  but  those  of  prominently  roughened  walls 
were  somewhat  larger. 

Pigments  were  produced  abundantly,  showing  yel- 
lowish brown,  reddish  brown,  or  brown,  except  for 
one  strain  NRRL  A4018b  which  lacked  pigment. 
High  productivity  of  total  acid  and  kojic  acid  was 
also  one  of  the  most  evident  characteristics.  It  is  well 
known  that  a  producer  of  sclcrotia  usually  has  high 
productivity  of  acid  (9).  Rice  kojis  were  not  browned 
in  almost  every  strain,  and  the  DF  values  were  usually 
small.  Seven  strains  having  conidia  with  prominently 
roughened  walls,  NRRL  2999,  NRRL  3145,  NRRL 
465,  NRRL  Al  1613  and  NRRL  A12353,  ATCC 
15517  and  CMI  89717  showed  the  smallest  DF  values 
and  produced  the  largest  amount  of  aflatoxin,  with 
the  highest  stability  of  production  among  all  the 
strains  tested.  Four  strains,  NRRL  A4018b,  A 12267, 
A12268  and  RIB  4026  (Research  Institute  of  Brew- 
ing), proved  not  to  produce  aflatoxin  by  thin-layer 
chromatography,  of  which  three  strains  other  than 
NRRL  A4018b  (uniseriate)  had  the  common  charac- 
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teristics  of  aflatoxin  strain  (biscriatc). 

The  principal  characters  of  25  aflatoxin  strain  are 
summarized  in  table  1.  From  this  table,  the  aflatoxin 

Table  l.-Some  principal  characters  of  25  aflatoxin 
producing  strains  of  the  Aspergillus 


Number 

Mycological  character  of  strains 


Type  of  conidial  head: 

Loosely  radiate                 .    1 7 

Radiate,  broom-like,  columnar .  -        ...    . .  18 

Presence  of  sclcrotia   J24 

Having  conidia  of  prominently  roughened  walls. .  7 

Conidial  size: 

Larger  than  4.8/i  to  5.0f»  .    Hi 

Smaller  than  4.6>i  to  4.8m   19 

Total  acid  shown  by  titer  of  O.IN  NaOH/I0 
ml.  of  medium: 

Higher  than  3.0  ml   *18 

lower  than  2.H  ml     *1 

Browning  of  rice  koji: 

Not  browned   .  _   '21 

Slightly  browned  _.    44 

DF  value  of  rice  koji: 

Larger  than  0.06    *  5 

Smaller  than  0.05     20 

Relative  iluorescence  energy: 

Larger  than  10,000. . .                               .  *8 


•All  of  thorn  have  n>nidi»  with  prominently  rouehenod  walls  (repre- 
sented liv  NRRL  -MIS I. 

•NRRL  4*ki  is  not  incltnlitl.  It  in  n  prominent  Mnitn. 

'All  the  prominent  strains  other  thnn  NRRL  4fio  are  inrluded. 

•The  ureal  majority  u(  industrial  strain*  showed  liter*  running  (rcmi  ()..r> 
to  2.0  ml. 

•None  oC  the  prominent  strains  are  included. 

•Ineludinn  only  1  turnip  RIB  4027  of  which  conidial  walls  arc  not  so 


strains  can  be  classified  into  two  groups.  One  is  a 
group  of  the  strains  like  A.  parasiticus  Speare  having 
conidia  of  prominently  roughened  walls  and  another 
is  that  of  the  strains  like  A.  flatus  Link  having  conidia 
with  not  so  roughened  walls.  Thus,  they  seemed  to 
be  included  in  the  A.  flavus  series  bv  Thorn  and 
Church  (10). 

Aflatoxin  productivity  of  the  industrial  strains. — 

None  of  the  160  industrial  strains  were  found  to  have 
exactly  the  same  mycological  characteristics  as  those 
of  the  aflatoxin  strain.  However,  three  strains,  RIB 
410,  RIB  433,  and  RIB  537,  were  selected  as  those 
somewhat  similar  to  the  aflatoxin  strains  in  terms  of 
color  of  old  culture,  wrinkles,  and  colors  on  reverse 
side  of  colony,  biscriatc  stcrigtnata  and  production  of 
pigment  and  kojic  acid.  Some  of  their  mycological 
characters  arc  compared  with  those  of  aflatoxin  strains 
(sec  table  2).  After  eulturing  them  in  1  liter  of  Adyc 
and  Ma  teles1  medium  and /'or  l  kg.  of  polished  rice, 
their  productivities  of  aflatoxin  were  examined  by  the 
usual  method  and  they  were  proved  not  to  produce 
any  aflatoxin.  It  seems  that  many  mycological  char- 
acteristics of  a  fungus  need  to  be  studied  in  order  to 
identify  it  as  a  possible  producer  of  aflatoxins. 
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Mycological  differences  between  A.  oryzae  and 
A.  flaxnts.—\t  is  of  major  im|x)rtancc  that  the  pro- 
ducer of  aflatoxin  belongs  to  the  A.  flavus  series  and 
not  to  the  A.  oryzae  series.  The  mycological  characters 
of  A.  oryzae  and  A.  flavus  varied  so  continuously  with 
the  strain  that  their  differences  have  been  difficult 
to  find.  The  authors,  however,  found  that  they  have 
different  abilities  to  produce  kojic  acid  and  to  brown 


rice  kojis  as  shown  in  table  3.  AH  the  type  cultures  of 
A.  flavus  did  not  brown  rice  koji  while  those  of  A. 
oryzae  did  so.  The  aflatoxin  strains  did  not  brown 
rice  kojis. 

The  great  majority  of  industrial  strains  browned 
their  rice  kojis  with  diverse  grades  of  browning.  A 
few  strains  of  A.  oryzae  did  not  brown  their  rice  kojis; 
all  of  such  strains  were  nonproducers  of  kojic  acid. 


Table  2.— Mycological  characters  of  the  aflatoxin  strains  and  industrial  strains  selected 


Group  of  strains 


Aflatoxin  strain 


Industrial  strain1 


Mycological  character 


Coniclia  of        Conidia  with 
prominently  not  so 

roughened  walls  roughened  walls 


Conidia  of 
prominently 
roughened  walls 
HIO 


Conidia  with  not  so 
roughened  walls 
537 


Length  of  stalk  

Conidial  size   

Presence  of  sclrrotia   

Production  of  kojic  acid  

Production  of  pigment  

Coloration  of  hydroquinone. . 
Reduction  of  methylene  blue. 

Browning  of  rice  koji  

DF  value.  


.  Short  Short  Lon  g  _  Long  Short. 

.  Middle  Small  Small  Small  Large. 

.Yes  .Yes  No   No  .Yes. 

.  Much  Much _   Little  Much  Much. 

 do   do   .do  do  Little. 

No  No   .  ..No  ...No  Yes. 

.Yes   .  .Yes  do  .Yes  No. 

.No.   .No   .do.  _  do  Yes. 

.Small   Small  Small  Small   Large. 


•The  morphological  character*  a 
to  those  o(  aflatoun  strains. 


Table  3.— Mycological  characters  of  the  type  cultures  of  A.  oryzae  and  A.  flavus 


Production 


Rice  koji 


! 


! 


J  i 


X  o 

0  2 
8*5 


-z 

.a 


f 

! 


JS 

o 
c 

6 


*5 


3 

•a 


3 

75 
> 

Q 


A.  oryzae  

...NI  5177  

+  + 

0.2-0.3 

+ 

+  +  + 

+  +  + 

+ 

OUT  5039... 

0.6-1.1 

+  +  +  +  + 

+  +  + 

+  + 

+ 

IFO  5239.... 

1.2-1.5 

+  +  + 

+  +  + 

+  ++  + 

+  +  + 

+  + 

+  +  + 

VVB  447 

+  +  + 

0.8-1.1 

+  +  + 

+ 

+ 

+  +  + 

... NI  5051  

0.4-0.7 

+  +  + 

+ 

+ 

+  + 

OUT  5004... 

0.6-0.8 

+  + 

+  +  +  + 

+  +  + 

± 

IFO  4053  ... 

+  +  +  + 

0.4-1.3 

+ 

+  +  +  +  + 

+  +  + 

± 

WB  482 . 

+  + 

1.6-2.7 

+  +  +  + 

+  +  +  + 

+  +  + 

+  +  + 

'The 
N 


Oil-  ■trains  vn-rr  cullurt*i  in  riw-ktiji  extract  at  24*  C.  lor  15  to  30  days:  it  the  other  I 

-  and  +,  in  this  tabic  show  respectively,  atwence  of  the  characters  concerned  and.  in  proportion  to  the  i 
t  to  I 
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Summary 

Sixty-seven  strains  of  the  Aspergillus  flavus  group, 
most  of  which  reportedly  produce  aflatoxin,  were 
grown  on  three  different  substrates  under  two  different 
fermentation  conditions.  Yields  of  aflatoxins  Bj,  Gi, 
and  M  were  determined  for  each  fermentation.  All 
strains  that  produced  Gi  also  produced  Bi.  All  strains 
that  produced  aflatoxin  M  produced  it  at  a  ratio  to 
Bi  of  from  0.007  to  0.020.  Several  distinct  taxa  were 
present  Consistendy  11  of  14  A.  parasiticus  strains 
produced  all  aflatoxins.  In  the  remaining  three  strains, 
the  levels  of  Bi  were  very  low  and  no  M  was  detected. 
A  second  group  of  five  strains  formed  numerous  large 
sclerotia  on  Czapek's  agar  and,  likewise,  formed  all 
the  aflatoxins.  The  third  and  largest  group  represented 
by  A.  flavus  produced  only  aflatoxins  Bi  and  M  but  no 
Gj;  in  six  strains  no  aflatoxin  was  detectable.  One 
very  unusual  strain,  which  does  not  appear  to  belong 
to  any  of  the  groups  studied,  had  extremely  high  levels 
of  Bi  (1,257  jig./g.)  but  no  Gi.  This  strain  sporulatcs 
poorly  and  produces  many  small  sclerotia  that  are 
much  smaller  than  those  seen  in  A.  flavus. 

Reports  in  the  literature  indicate  great  variability 
of  isolates  of  A.  flavus  Link  ex  Fries  in  their  ability  to 
produce  aflatoxins.  Several  papers  state  that  some 
isolates  produce  only  aflatoxin  Bi  and  no  Gi.  Dicncr 
and  Davis  (3)  reported  23  isolates  out  of  26  produced 
aflatoxin  Bi;  the  remaining  formed  both  Bi  and  G]. 
In  another  laboratory,  Taber  and  Schroeder  (12), 
investigating  isolates  of  A.  flavus  from  U.S.  peanuts, 
found  no  isolate  that  produced  aflatoxins  Gi  or  G2. 

The  objectives  of  our  investigation  were:  (1).  To 
discover  the  best  strains  that  would  produce  afla- 
toxins Mi  and  M2,  recently  discovered  by  Holzapfcl, 
Steyn,  and  Purchase  (5)  in  peanuts;  (2)  to  deter- 
mine the  variation  in  aflatoxin  yields  in  as  many 
aflatoxin-producing  cultures  in  the  ARS  Culture 
Collection  as  possible;  and  (3)  to  determine  whether 
there  was  any  relationship  between  the  kinds  and 
yields  of  aflatoxin  and  the  taxonomy  of  the  different 
species  in  the  A.  flavus  scries. 

Aflatoxins  Mi  and  M2  arc  of  interest  because  they 
were   originally   found   in  milk   by  Allcroft  and 
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Carnaghan  (/).  On  the  basis  of  chromatographic 
data  of  extracts  of  peanuts  molded  with  A.  flavus,  de 
Iongh  et  al.  (2)  suggested  that  aflatoxins  Mi  and  M? 
were  identical  with  the  toxic  material  from  milk. 
Holzapfel  et  al.  (5)  were  able  to  isolate  aflatoxins  Mi 
and  M2  from  urine  of  sheep  fed  a  mixture  of  aflatoxins 
and  they  determined  the  structures  of  the  new  afla- 
toxins to  be  as  follows: 


Masri  ct  al.  (7)  demonstrated  that  fermented 
rice,  prepared  in  our  Laboratory  with  A.  parasiticus 
strain  NRRL  2999,  contains  aflatoxin  Mi. 

Materials  and  Methods 

Fermentation.— All  A.  flavus  series  cultures  selected 
for  this  study  either  were  reported  to  produce  or 
were  suspected  of  producing  aflatoxin.  The  source 
and  equivalent  identification  numbers  of  the  67  cul- 
tures used  arc  given  under  results.  Each  culture  was 
grown  on  potato  dextrose  agar  (PDA)  at  28°  C.  for  2 
weeks  to  obtain  conidia  for  inoculum.  At  this  time, 
10  ml.  of  sterile  tap  water  was  added  to  each  slant. 
Seven  milliliters  of  a  spore  suspension  was  used  to 
inoculate  200  g.  of  pearled  wheat  or  rice  in  Fcrnbach 
flasks.  Each  flask  containing  long  grain  white  rice 
had  50  ml.  of  tap  water  added.  The  flasks  were  allowed 
to  stand  at  room  temperature  for  2  hours,  and  then 
they  were  sterilized  and  cooled.  After  flasks  containing 
pearled  Conley  hard  red  wheat  had  70  ml.  of  tap  water 
added,  they  were  allowed  to  stand  overnight,  auto- 
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claved,  and  cooled.  A  liquid  fermentation  medium, 
earlier  found  to  be  excellent  for  the  formation  of 
aflatoxin,  was  prepared  by  adding  10  g.  of  rice  flour 
(made  from  long  grain  white  rice)  to  200  ml.  of  tap 
water  in  500-ml.  Erlenmeyer  flasks.  After  sterilizing 
and  cooling,  these  flasks  were  inoculated  with  3  ml. 
of  a  spore  suspension  described  above. 

All  flasks  were  then  placed  on  a  Gump1  shaker  at 
28°  C.  At  the  end  of  48  and  72  hours,  5  ml.  of  sterile 
tap  water  was  added  to  each  flask  containing  the 
solid  rice  and  wheat  substrates.  At  the  end  of  5  days, 
all  flasks  were  harvested  and  steamed;  then  the  pH  of 
the  liquid  medium  was  determined. 

Assay  procedure.— Moldy  wheat  or  rice  (25  g.) 
was  extracted  by  mixing  for  5  minutes  with  250  ml. 
water  in  a  Waring  Blcndor,  followed  by  mixing  the 
aqueous  slurry  in  the  blendor  for  5  minutes  with  250 
ml.  of  chloroform  as  described  by  Lee  (6").  Blended 
mixtures  were  centrifuged  and  filtered,  and  filtrates 
concentrated  to  dryness  under  nitrogen,  according  to 
Stubblefield  et  al.  (//).  Residues  were  made  up  to  10 
ml.  with  chloroform  for  thin-layer  chromatography 
(TLC). 

Fifty-milliliter  portions  of  culture  liquors  were 
mixed  thoroughly  with  acid-washed  Celite  545  (50  g.) 
and  packed  tightly  with  the  aid  of  a  tamping  rod 
into  a  column  (5.2  cm.  i.d.)  plugged  at  the  bottom 
with  Pyrex  wool.  The  packed  column  was  washed 
first  with  hexane  (400  ml.)  and  then  eluted  with 
chloroform  (600  ml.).  After  the  eluate  was  collected 
and  concentrated  to  dryness  under  nitrogen,  the  resi- 
due was  taken  up  in  chloroform  (1  ml.)  for  TLC. 

Aflatoxins  Bi,  Gi,  and  M  were  determined  quantita- 
tively by  TLC  with  a  recording  densitometer  (J J). 
The  developing  solvent  for  Bi  and  Gi  was  ace- 
tone chloroform  (1=9,  v/v)  and  for  M,  methanol:- 
chloroform  (7:93,  v/v).  Aflatoxins  B2  and  G2, 
although  produced  along  with  Bi  and  Gi,  were  not  de- 
termined. Aflatoxins  Mi  and  M2  did  not  separate  with 
the  solvent  system  used.  Aflatoxin  M  was  determined 
quantitatively  by  comparing  with  a  Bj  standard, 
assuming  that  the  fluorescence  of  Mi  and  Mo  is  three 
times  the  intensity  of  Bi  as  reported  by  Holzapfcl  ct 
al.  (5). 

Preparative  thin-layer  chromatography. — Thin- 
layer  plates  (20  x  20  cm.)  were  coated  with  silica  gel 
(Adsorbosil-1;  Applied  Science  Laboratories,  State 
College,  Pa.),  to  a  thickness  of  0.5  mm.  and  activated 
for  2  hours  at  105°  C.  The  chloroform  solution 
(500  u\.)  of  material  extracted  from  moldy  rice  or 
wheat  was  transferred  to  the  origin  line  of  a  plate 
applying  10  ul.  at  a  time.  Plates  were  first  developed 
approximately  19  cm.  with  anhydrous  ether  in  an 
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unlined,  unequilibrated  tank  and  airdried  30  minutes. 
The  dried  plates  were  then  developed  approximately 
16  cm.  with  mcthanol:chloroform  (7:93,  v/v).  The 
area  containing  aflatoxin  M,  as  located  with  ultra- 
violet light,  was  outlined  with  a  needle  and  the  silica 
gel  was  collected  from  the  area  with  a  thin-layer  plate 
scraper  as  described  by  Stoloff  (10).  Aflatoxin  M  was 
eluted  from  silica  gel  with  portions  of  ACS  methanol 
(total  volume,  30  ml.),  and  eluate  was  concentrated 
on  a  steam  bath  under  nitrogen  to  volume  of  about  5 
ml.  (was  not  taken  to  dryness).  The  ultraviolet  ab- 
sorption spectra  of  solutions  were  obtained  on  a  Beck- 
man  DB-G  spectrophotometer. 

Results 

Table  1  shows  the  equivalent  culture  numbers  of 
other  investigators  and  the  source  of  each  isolate. 
The  amounts  of  aflatoxin  from  the  solid  substrates, 
rice,  and  wheat,  are  given  in  ug./g.  of  substrate  while 
the  yields  in  the  liquid  medium  are  given  in  milli- 
grams per  liter.  Each  aflatoxin  value  is  the  average  of 
duplicate  assays  on  two  fermentations.  The  final  pH 
of  the  liquid  medium  at  the  completion  of  the  fer- 
mentation is  also  the  average  of  two  fermentations. 
In  some  instances,  if  the  assay  values  of  the  two 
fermentations  were  quite  different,  additional  fer- 
mentations were  run. 

Aflatoxin  M  was  identified  by  TLC  and  confirmed 
by  ultraviolet  absorption.  The  spectra  of  M  prepara- 
tions eluted  from  thin-layer  plates  had  absorption 
peaks  at  227,  266,  and  358  m/i.  corresponding  to 
those  reported  by  Holzapfel  et  al.  (5). 

The  initial  group  of  isolates  belong  to  A.  parasiticus 
Speare,  a  species  first  isolated  in  Hawaii  from  mealy 
bugs  in  sugarcane.  Additional  papers  will  describe 
the  taxonomy  and  biochemical  characteristics  of  the 
14  strains  of  A.  parasiticus  studied.  Of  the  14  strains, 
four  arc  Spcare's  original  isolate,  but  each  was  carried 
in  a  different  collection  over  many  years  and  varies 
considerably  from  the  others  in  its  ability  to  form 
aflatoxin.  Another  strain,  NRRL  465,  considered  to 
be  typical  of  the  species,  has  been  in  pure  culture  for 
at  least  45  years  and  is  a  rather  high  producer  of 
aflatoxin.  Besides  the  isolate  from  Hawaii,  others 
came  from  South  Africa,  Argentina,  and  Southern 
United  States.  Since  we  did  not  find  A.  parasiticus  in 
our  flour  microbiology  studies  {4),  we  suspect  that 
this  species  may  be  geographically  restricted  to  the 
tropical  regions  of  the  world. 

Note  should  be  taken  that  all  strains,  except  NRRL 
504  which  is  a  low  toxin  producer,  tend  to  produce 
final  pH's  below  5  and  often  below  4  in  the  liquid 
media.  Growth  on  the  liquid  rice  medium  is  very 
luxuriant.  The  highest  toxin  production  occurs  upon 
the  solid  substrate,  wheat.  All  strains,  except  some 
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which  have  been  in  culture  collections  for  many  years, 
produce  anatoxins  Bi,  Gj,  and  M. 

Upon  potato  dextrose  and  Czapek's  solution  agars, 
the  colonies  of  all  isolates  arc  relatively  low  and  dark 
green  as  contrasted  to  the  yellow  green  of  A.  flavus. 
The  reverse  of  the  colonies  is  typically  yellowish  to 
drab  and  often  irregularly  wrinkled.  No  pigment 
typically  is  produced  although  occasionally  a  faint 
diffusible  yellow  pigment  may  be  encountered.  The 
conidial  heads  are  globose  with  the  conidial  chains 


Source 


NRRL  465    ._  ?  _R 

Received  1922  from  Takaminc's  VV 
Laboratory,  ATCC  16,869.  L 

NRRL502  ....Mealy  bug  of  R 

Type  from  Spcarc,  Hawaii  1913.       sugarcane.  W 
CMI  15,957,  ATCC  1018.  L 
Thom  3509. 

NRRL  504   ?  R 

From  Fawcctt,  C^alif.  1929.  W 
CMI  92,876.  L 

NRRL  2999  Uganda  peanuts  _R 

CMI  91,019b,  Austwick  V  VV 
3734/10,  WB  5013.  L 

NRRL  3000  do  R 

CMI  89,717,  TPI  T-12,  VV 
R.  C.  Codncr  UG  3.  L 

NRRL3145  .South  African  R 

CMI  93,080,  Austwick  V  4065/4.     peanuts.  W 

NRRL  3240   Uganda  peanuts  R 

MIT,  Austwick  V  3734/10,  \V 
TPI  M  001,  ATCC  15,517,  L 
CMI  120,920. 

A-3313  Soil,  Argentina  R 

J.  Winitzky,  M-l-361,  Buenos  VV 
Aires,  Argentina,  1950.  L 
CMI  91,019. 

A-3842  .Sugarcane  stalks  R 

B.  A.  Bourne,  U.  S.  Sugar  Corp.,  VV 
No.  52  F-10.  L 

A-l 3360  .  ....  -  ,  Mealy  bug  of  R 

CMI  15,957  (11),  same  as  sugarcane  VV 

NRRL  502  but  carried  L 
separately  for  many  years. 

A-13441  Rough  rice  R 

H.  VV.  Schrocder  64-R8,  Texas.  VV 

L 

A-l  4330  Peanuts  R 

U.  Diencr,  Alabama  6.  VV 

A-14694  Same  as  NRRL  502.. _R 

CMI  15,957  (VI)  IFO  4082,  VV 
Thom  3509.  Same  as  NRRL  502  L 
but  carried  separately  for  many 
years. 

A- 14695   Same  as  NRRL  502... R 

CMI  15,957  (VII),  NRRL  502.  W 
Thom  3509,  IFO  4351.  L 


arranged  in  a  diffuse  fashion.  Conidia  do  not  shatter 
readily.  Also,  some  strains  do  produce  sclcrotia  under 
certain  circumstances.  For  example,  NRRL  3145  was 
observed  to  form  sclcrotia  on  potato  dextrose  agar 
and  on  Czapek's  solution  agar.  This  condition  is 
contrary  to  the  situation  in  A.  parasiticus  as  described 
by  Raper  and  Fennell  (#). 

The  NRRL  3161  group  of  five  strains  arc  closely 
related  to  .4.  parasiticus  because  each  produces  good 
yields  of  aflatoxins  Bi  and  Gt  and  low  levels  of  M. 


M/Bi 


160 

85 

1.3 

0.008 

226 

105 

2.4 

.010 

4.2 

22 

15 

0.2 

.010 

0.09 

Trace 

ND 

0.5 

0.2 

ND 

4.4 

ND 

ND 

ND 

0.06 

ND 

ND 

0.09 

ND 

ND 

-- 

5.4 

ND 

ND 

ND 

467 

109 

2.2 

.005 

930 

415 

3.4 

.004 

3.3 

21 

3 

0.07 

.003 

268 

69 

1.2 

.005 

413 

268 

2.3 

.006 

3.9 

12 

6 

0.08 

.008 

452 

228 

3.4 

.007 

641 

594 

5.4 

.008 

3.9 

14 

13 

0.10 

.007 

461 

116 

2 

.004 

625 

277 

2.3 

.004 

3.1 

10 

2 

0.03 

.003 

121 

46 

0.7 

.005 

196 

134 

0.8 

.004 

4.8 

0.12 

0.06 

ND 

1 

0.7 

0.007 

.006 

0.2 

0.1 

ND 

4.8 

ND 

ND 

ND 

50 

54 

0.6 

.012 

201 

193 

2 

.009 

4.8 

0.2 

0.1 

0.001 

.007 

411 

111 

1.5 

.004 

604 

253 

1.9 

.003 

3.1 

6 

0.5 

0.02 

.002 

113 

20 

0.34 

.003 

450 

139 

1.3 

.003 

3.2 

18 

2 

0.04 

.002 

54 

19 

0.33 

.006 

73 

59 

0.5 

.006 

4.8 

4 

4 

0.04 

.010 

0.04 

0.023 

ND 

0.38 

0.1 

ND 

3.4 

ND 

ND 

ND 

Table  1.— Survey  of  strains  of  the  Aspergillus  flavus  series  for  the  production  of  anatoxin  Bi,  Gj  and  M 


AHatoxin 
Mg./g.  on  R  and  VV,  mg./l.  in  L 


and  collection  numbers  Substrate  Medium     Final  pH        B|  Gt  M 


A.  parasiticus 
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Aftatoxin 
/ig./g-  on  R  and  W,  mg./l.  in  L 


Source  and  collection  numbers 


Substrate 


Medium     Final  pH 


M 


M/B 


Strains  intermediate  between  A.  parasiticus  and  A, 


A-3161   .Cjcas  circinalis  R 

A.  C.  Kcyl,  Western  Regional  Sclerotia.  W 
Research  Laboratory  (isolated  L 
by  Forgacs). 

A-l 367 1  _  _ Moldy  wheat  R 

A.  F.  Schindlcr,  M  93,  FDA.  W 
ATCC  15,546.  L 

A-13794   do...  R 

F.  A.  Hodges,  M  93,  FDA.  W 
ATCC  15,546.  L 

A- 14329  Cycad  -R 

U.  Dicncr,  33-ATCC  15,548,  W 
Hodges  M-90.  From  J.  Forgacs.  L 

A-15619     Pine  sawfly  (Diprion  R 

C.  R.  Benjamin,  C-641.  similts).  W 

L 


5.3 


5.7 


5.1 


4.9 


6.0 


248 

210 

2.4 

0.009 

82 

107 

1.2 

.014 

18 

8.4 

0.10 

.005 

64 

54 

0.5 

.008 

95 

125 

1.0 

.011 

18 

16 

0.1 

.005 

14 

8.2 

0.09 

.006 

4 

3.3 

0.04 

.01 

0.4 

0.33 

0.0006 

.002 

337 

313 

2.6 

.008 

147 

205 

1.8 

.012 

28 

12 

0.12 

.004 

218 

302 

1.8 

.008 

281 

380 

1.5 

.005 

28 

44 

0.2 

.006 

A.fiavus 


NRRL  482  .?  R 

A.fiavus.  From  Westerdijk,  W 
CBS  1909,  CMI  16,145,  L 
ATCC  1003. 

NRRL  3357  _  Moldy  peanuts  R 

F.  A.  Hodges,  M-52,  FDA.  W 

\-» 

A-*018b   Toxic  bran  R 

J.  Forgacs,  P-l,  CMI  92,875.  W 

L 

A-11606   Uganda  peanuts  R 

CMI  91,546,  Austwick  V3734/I4.  VV 

A-11607  do  R 

CMI  91,547,  Austwick  V  VV 
3734/15.  L 

A-l  1 608     Brazilian  peanuts  R 

CMI  91,548,  Austwick  V  VV 
3827/30.  L 

A-U609     do..    R 

CMI  91,549,  Austwick  V  VV 
3827/31.  L 

A-11610    do  R 

CMI  91,550,  Austwick  V  VV 
3827/32.  L 

A-12140   .  Peanuts  R 

U.  L.  Dicncr,  CD  571-1  124.  VV 

A-12268   Turkey  feed  mix  R 

F.  A.  Hodges,  M  26,  FDA.  VV 

X* 

A-l 2353    Cottonseed  hulls  R 

1.  C.  Lewis,  No.  6b,  Western  VV 
Regional  Research  Laboratory.  L 

A-l  2589  Moldy  peanuts  R 

F.  A.  Hodges,  M-51,  FDA.  W 

A-12591    do  R 

F.  A.  Hodges,  M-53,  FDA.  VV 

A-12592    do   _R 

F.  A.  Hodges,  M-54,  FDA.  VV 

A-12593  do  R 

F.  A.  Hodges,  M-66,  FDA.  W 


6.7 


5.8 


4.9 


5.6 


5.2 


5.5 


4.7 


5.6 


4.5 


5.6 


5.2 


5.0 


5.4 


5.0 


5.1 


ND 

\Tr\ 

ND 

ND 

-- 

ND 

ND 

-- 

vm 

WJJ 

NU 

0.5 

0.004 

87 

ND 

0.4 

.004 

ND 

0.03 

.003 

ND 

ND 

ND 

ND 

ND 

ND 

JN  D 

vn 
rsU 

IN  D 

12 

ND 

0.08 

.006 

ND 

ND 

ND 

ND 

ND 

ND 

100 

ND 

0.22 

.002 

37 

ND 

0.04 

.001 

0.06 

ND 

ND 

15 

ND 

0.06 

.004 

16 

ND 

ND 

2 

ND 

0.009 

.005 

0.7 

ND 

ND 

ND 

ND 

ND 

0.5 

ND 

ND 

22 

ND 

0.08 

.004 

4 

ND 

ND 

0.3 

ND 

ND 

16 

ND 

0.08 

.005 

1 

ND 

ND 

0.04 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

5.4 

ND 

0.02 

.004 

11 

ND 

0.02 

.002 

8 

ND 

0.008 

.001 

4.2 

ND 

0.02 

.004 

37 

ND 

0.06 

.002 

3 

ND 

0.01 

.004 

97 

ND 

0.4 

.004 

29 

ND 

0.1 

.003 

4 

ND 

Trace 

4 

ND 

0.02 

.005 

1 

ND 

ND 

ND 

ND 

ND 

20 

ND 

0.09 

.005 

38 

ND 

Trace 

3 

ND 

0.01 

.003 
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Bi,  G,  ai 


Source  and  collect 


ion  numners 


Substrate 


Mcdi 


Final  pH 


AUatoxin 
itg./g.  on  R  and  VV,  mg./l.  in  L 


H, 


M 


M/B, 


A-13072  

Van  der  Walt,  No.  500, 

South  Africa. 
A-13438   

L.  Ajcllo,  Atlanta,  Ga. 

A-13454.  NRRL  


.Maize  meal  R 

W 
L 
R 
W 
L 


.Air  sac  of  African 
parrot. 


A-13505.  NRRL. 


A-13668  

A.  F.  Schindler,  M-177,  FDA. 


A-13772.  NRRL. 


Moldy  crambe  seed.-.R 
VV 
L 

.Sorghum  . .  -R 

VV 
L 

.Poultry  feed..  R 

VV 
L 

.Peanut  meal   R 

VV 


A-14152.  NRRL  Com,  Minnesota. 


A-15618.....  

C.  R.  Benjamin,  C— 649. 


A- 15647.  NRRL.. 


.Forest  weevils 
Hylobis  pales 

-Moldy  corn, 
Pakistan. 


A-15648.  NRRL  do. 


A-15649.  NRRL. 
A-15650.  NRRL. 


L 

,-R 
VV 
L 
R 
VV 
L 
R 
VV 
L 

..R 
VV 
L 

..R 
VV 
L 

..R 
VV 
L 


5.2 


4.7 


5.3 


4.2 


5.5 


5.3 


5.1 


4.6 


5.3 


4.4 


5.2 


5.5 


2 

ND 

ND 

— 

ND 

ND 

ND 

-- 

ND 

ND 

ND 

0.3 

0.08 

ND 

ND 

ND 

ND 

0.002 

ND 

ND 

.. 

Trace 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

7 

ND 

0.02 

.003 

67 

ND 

0.1 

.001 

0.1 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

57 

ND 

0.3 

.005 

257 

ND 

0.5 

.002 

3 

ND 

0.009 

.003 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.02 

0.04 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.1 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.06 

0.1 

ND 

Morphological  atypical  A.flavus  strains 


A-12141  

U.  L.  Diener,  CD  571-1  f25. 

A-12267   

F.  A.  Hodges,  M  25,  FDA. 

A-13071  

Van  der  Walt,  No.  501, 

South  Africa. 
A-13594.J.  Forgacs  

A- 1 3596.  J.  Forgacs  

A- 1 3663  _ 

A.  F  Schindler,  M-172,  FDA. 

A- 13672  

A.  F.  Schindler,  M-122,  FDA. 

A-13795  

F.  A.  Hodges,  M-93,  FDA. 
F-See  above  ATCC  15,546. 


 R 

VV 
L 

Moldy  peanuts  _R 

VV 
L 

Maize  meal  R 

VV 
L 

From  Cycas  R 
circinalis,  Guam  W 
(Sclerotial  fern).  L 

From  Cycas  R 
eireinalis,  Guam.  VV 
L 

Cocoa  beans  .R 

VV 
L 

Peanuts  R 

VV 
L 

Moldy  wheat  R 

VV 
L 


6.1 


4.8 


5.1 


6.8 


6.4 


4.7 


6.7 


4.8 


4 

ND 

0.02 

0.005 

0.5 

ND 

ND 

0.01 

0.001 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2 

2 

Trace 

10 

15 

0.06 

.006 

0.02 

0.03 

ND 

19 

17 

0.2 

.009 

7 

11 

0.08 

.010 

1 

3 

0.01 

.008 

7 

6 

0.07 

.009 

9 

16 

0.08 

.009 

2 

4 

0.01 

.005 

ND 

ND 

ND 

ND 

ND 

ND 

0.002 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

13 

8 

0.08 

.008 

4 

2 

0.05 

.013 

0.3 

0.2 
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Bi,  Gi 


Aflatoxin 
ftg./g.  on  R  and  W,  mg./l.  in  L 


Source  and  collection  numbers 


Medium      Final  pH 


Bi 


M 


M/B, 


Morphological  atypical  A. 


A-14327.... 
U.  Diencr, 


A-14328  

U.  Diencr,  Alabama  8. 


......Peanuts...-  R 

W 
L 

 do  R 

W 
L 

A-15418   Peanut  meal  R 

J.  P.  Vocts,  Gent,  Belgium,  1967.  VV 

A-15651.NRRL  ...Moldy  corn  R 

Lahore,  Pakistan.  VV 
L 


  0.2  Trace  ND 

0.05  ND  ND 

6.8  0.002  Trace  ND 

  0.2  ND  ND 

  0.04  Trace  ND 

6.8  0.002  Trace  ND 

  5  Trace  0.02 

  38  ND  ND 

4.7  0.2  ND  ND 

  0.1  ND  ND 

  ND  ND  ND 

5.6  ND  ND  ND 


New  taxon 


A— 1 1611   Nigerian  peanuts  R 

CMI  91,552,  Austwick  V  W 
4030/6.  L 

A-11612   do  R 

CMI  93,070,  Austwick  V  YV 
4104/6.  L 

NRRL  3251   Walnuts  R 

A.  F.  Schindler,  M-141,  FDA.  W 

L 


5.6 


5.6 


5.1 


64 

43 

0.4 

.007 

90 

90 

0.6 

.006 

23 

20 

0.03 

.001 

2 

0.7 

ND 

18 

20 

0.1 

.007 

0.5 

0.3 

0.004 

.007 

1,257 

ND 

6 

.005 

1,188 

ND 

4 

.003 

22 

ND 

0.06 

.003 

.1. 


from  alkali  bees 


NRRL  3353   Diseased  alkali  bces...R 

D.  Shcmanuki,  No.  126,  Bee  W 
Disease  Investigations  L 
Laramie,  Wyo. 

A-13837    do  R 

D.  Shcmanuki,  No.  129,  Bee  W 
Disease  Investigations  L 
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Disease  Investigations  L 
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NRRL  3216  Dung  of  white  tail  R 

M.  Christensen,  RMF  99,  jack  rabbit,  VV 

ATCC  16,490.  Wyoming.  L 
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These  isolates  came  from  the  United  States,  except 
for  NRRL  3 161  which  was  isolated  from  cycads  from 
Polynesia.  Two  isolates  from  moldy  wheat  arc  pre- 
sumably the  same  but  differ  considerably  in  activity. 
Like  A.  parasiticus,  one  strain  was  isolated  from  an 
insect  attacked  by  the  mold.  Like  A.  parasiticus,  growth 
of  the  five  strains  was  luxuriant  in  the  liquid  media, 
but  all  isolates  had  a  final  pH  above  5  except  one 
strain  (4,  9).  Unlike  A.  parasiticus,  but  like  A.  fiavus, 
colonies  are  yellow  green,  and  brown  sclerotia  arc 
produced  by  every  isolate  on  both  PDA  and  Czapek's 
solution  agar.  These  are  about  0.75  to  1  mm.  in 
diameter.  The  conidial  heads  are  diffuse,  globose, 
and  the  conidiophores  arc  approximately  of  the  same 
length  as  A.  parasiticus.  The  conidiophores  and  conidia 
arc  roughened  and  the  sterigmata  are  both  uniseriate 
and  biseriatc.  The  conidial  chains  tend  not  to  shatter 
when  the  culture  tube  is  tapped. 

The  largest  group  of  isolates  studied  belongs  in  A. 
flavus,  in  the  strict  sense  represented  by  many  strains, 
These  isolates  came  from  all  over  the  world — Africa. 
Brazil,  and  the  United  States.  In  liquid  culture,  the 
pH  range  is  from  4.2  to  5.8  except  for  NRRL  482,  a 
nonaflatoxin  producer  which  has  a  high  pH.  Out  of 
the  27  strains  examined,  six  formed  no  aflatoxin  and 
five  produced  only  traces.  The  remaining  16  strains 
produce  aflatoxin  Bi  but  no  Gi  except  for  traces  in 
four  strains.  Also,  the  levels  of  aflatoxin  Bi  formed 
are  relatively  lower  than  those  encountered  in  A. 
parasiticus  and  in  the  NRRL  3161  group.  Like  A. 
parasiticus,  if  appreciable  yields  of  Bi  are  formed,  then 
M  is  also  produced  at  low  levels. 

The  27  strains  all  agree  fairly  well  in  colony  color 
and  growth  appearance  with  NRRL  482,  which  is 
considered  to  be  a  typical  strain  of  the  spccLs  ac- 
cording to  Raper  and  Penncll  (#).  Some  produced  an 
abundance  of  dark  brown  sclerotia  ranging  in  size 
from  400ft  to  1,000/i. 

The  conidiophores  and  conidia  were  uniformly 
roughened.  The  sterigmata  were  biseriate,  at  least  in 
part,  in  every  one  of  the  27  isolates.  In  almost  all 
instances,  conidial  chains  sliattered  quite  readily. 
None  appeared  to  be  members  of  the  A.  fiavus  variety 
columnaris.  No  isolate  produced  a  diffusible  pigment 
in  the  two  agar  media  used  and  the  reverse  of  the 
colonies  was  pigmented  similarly  to  that  seen  in  A. 
parasiticus,  except  the  wrinkled  characteristic  was  ab- 
sent on  Czapek's  solution  agar. 

A  fourth  group  is  made  up  of  12  isolates  which  are 
morphologically  atypical  of  A.  fiavus.  They  form  aria- 
toxins  Bi  and  Gi  in  low  levels  as  well  as  M.  Two 
strains  form  none.  If  Bi  was  formed,  then  usually  Gi 
and  M  were  also  detectable.  In  one-half  of  the  iso- 


lates, the  pH  of  the  medium  was  above  six.  The 
strains  in  this  group  came  from  cycads,  peanuts, 
wheat,  cocoa  beans,  and  corn. 

Colonies  of  these  isolates  are  yellow  green,  with 
reverse  colony  color  from  white  to  yellowish.  No  pig- 
ment is  formed  in  agar.  Some  strains  produce  sclerotia 
typical  of  .4.  fiavut  in  appearance  and  size.  The 
roughened  conidiophores  form  diffuse  to  somewhat 
columnar  conidial  heads.  All  conidia  are  roughened 
and  arc  produced  on  biseriatc  sterigmata.  (One  strain 
was  uniseriate.)  The  chains  of  spores  are  readily 
shattered  when  a  test  tube  culture  is  genUy  tapped. 

The  fifth  group  is  represented  by  three  strains  and 
one  of  these  is  unique  only  in  that  it  forms  very  high 
levels  of  Bj  (1257  ng./g.)  but  produces  no  Gj.  This 
isolate  came  from  walnuts,  while  the  oilier  two  were 
isolated  from  Nigerian  peanuts.  Each  of  the  isolates 
produces  M  in  small  amounts.  The  pH  of  the  fer- 
mentation broth  is  about  the  same,  5. 1  to  5.6. 

In  culture,  all  isolates  seemed  identical.  Although 
the  colonies  appear  brown,  this  color  is  due  to  the 
enormous  numbers  of  microsclerotia  formed  to  the 
almost  complete  exclusion  of  conidiophores.  The  color 
of  the  conidia,  however,  is  yellow  green,  similar  to  A. 
fiavus.  The  colony  reverse  on  Czapek's  solution  agar  is 
wrinkled  and  appears  brown  because  of  the  sclerotial 
color.  No  pigment  is  present  in  the  agar.  The 
conidiophores  are  about  the  height  of  those  of  A. 
parasiticus  and  roughened  as  arc  the  conidia.  The 
sterigmata  are  biseriate,  the  conidial  heads  arc  diffuse, 
and  the  conidia  chains  do  not  shatter.  The  sclerotia 
are  produced  in  enormous  numbers  and  are  only 
about  300/i  in  diameter;  hence,  they  seem  much 
smaller  than  diose  seen  in  A.  parasiticus  and  A.  fiavus. 

A  sixth  group  is  represented  by  three  strains,  each 
isolated  from  alkali  bees  in  Wyoming.  These  strains 
vary  in  their  ability  to  produce  aflatoxins,  although 
all  form  Bj,  Gi,  and  small  amounts  of  M.  The  fer- 
mentation pH  range  is  5.2  to  5.8,  and  one  strain 
(NRRL  3353)  forms  more  aflatoxin  Bj  in  liquid 
media  than  on  solid  wheat  or  rice. 

Colonies  of  the  alkali  bee  isolates  are  yellow  green, 
lack  sclerotia,  have  a  yellow  to  orange  reverse,  and 
typically  show  a  diffuse  yellow  pigment.  The 
roughened  conidiophores  are  tall  with  diffuse  conidial 
heads.  The  chains  of  rough  conidia  sometimes  shatter 
in  one  strain  but  not  in  the  other  two.  All  three 
strains  have  biseriatc  sterigmata. 

In  addition  to  these  groups,  three  isolates  of  A. 
lefwris  Christensen  were  studied,  but  in  none  of  them 
was  any  aflatoxin  detected.  This  species  belongs  in 
the  A.  fiavus  group  and  was  described  after  Raper 
and  Fennell's  book  was  published. 


Digitized  by  Google 


MYCOTOXINS 


209 


Discussion 

Although  this  study  was  restricted  to  only  67  strains 
of  the  A.flavus  series,  known  to  produce  or  suspected 
of  producing  afiatoxin,  several  definite  conclusions 
can  be  drawn  about  the  formation  of  these  toxins  by 
this  group  of  fungi.  In  the  examination  of  all  strains, 
afiatoxin  Gi  was  never  made  without  Bi,  and  the 
ratio  of  Gi  to  Bi  varied  with  different  strains.  Ana- 
toxins B2  and  Go  never  appeared  without  Bi  and  Gi, 
respectively. 

One  purpose  of  our  study  was  to  find  a  strain  that 
would  produce  afiatoxin  M  in  high  yields,  but  the 
ratio  of  M  to  Bi  never  exceeded  0.016  on  solid  sub- 
strates. In  one  liquid  culture  out  of  67  such  fermenta- 
tions examined,  the  ratio  of  M  to  B  did  equal  0.020, 
but  yields  of  M  were  so  low  as  to  make  isolation 
unprofitable  The  average  ratio  of  M  to  B  was  0.006. 
Yields  of  M  were  not  improved  meaningfully  by 
changing  species  or  fermentation  conditions.  These 
conditions  included  submerged  fermentation  in 
20-liter  fermentors,  in  liquid  rice  medium  in  I'crnbach 
flasks,  and  in  solid  wheat  and  rice  shaken  in  Fernbach 
flasks.  In  studies  carried  out  by  Dr.  George  Semeniuk 
(South  Dakota  State  University,  Plant  Pathology 
Department,  Brookings,  S.  D.  57006)  under  a  research 
contract,  it  was  shown  that  yields  of  M  also  did  not 
increase  when  soybeans  and  wheat  were  molded  with 
little  aeration  in  plastic  bags. 

The  exact  ratio  of  M  to  G  and  that  of  M  to  B 
depend  on  the  taxonomic  group  and  substrate.  The 
ratio  of  M  to  B  or  to  G  is  more  nearly  constant  when 
one  substrate  or  strain  from  one  taxonomic  group  is 
considered.  Ratios  can  be  predicted  fairly  accurately 
for  the  production  of  afiatoxins  by  strains  of  one- 
group  on  a  single  substrate. 

A  statistical  analysis  of  all  the  data  reveals  signifi- 
cant sources  of  variation  in  the  production  of  afia- 
toxins, that  is,  taxonomic  groups  of  Aspergilli,  strains 
within  groups,  and  media.  There  is  evidence,  however, 
of  interactions  between  media  and  groups  and  be- 
tween media  and  strains.  In  general,  more  afiatoxin 
Bi  than  Gi  is  produced  on  rice  and  in  liquid  culture. 
Wheat  is  the  best  substrate  we  found  for  afiatoxin  Gi 
production,  a  result  which  supports  our  observations 
in  earlier  studies  {6,  J  J).  Strains  of  A,  parasiticus 
produce  higher  yields  of  afiatoxin  on  wheat  than  cither 
on  rice  or  in  liquid  media. 

Variations  in  yields  among  specific  species  and 
strains  cannot  be  separated  from  variations  at  different 
pH's  in  liquid  medium.  It  is  highly  unlikely  that 
yields  are  associated  with  pH  alone. 

Several  specific  groups  of  strains  of  the  A.  fiavus 


scries  can  be  recognized  on  the  basis  of  their  afiatoxin 
yields  and  on  the  basis  of  their  morphological  classifi- 
cation. These  groups  arc  as  follows: 

(1)  A.  parasiticus  is  a  valid  species  that  regularly 
produces  large  amounts  of  afiatoxins  Bi  and  Gi. 
This  species  can  be  distinguished  from  A.  fiavus 
because  of  its  low  colonies  having  a  deep  green 
color,  and  because  on  Czapek's  solution  agar 
the  colonies  are  irregularly  wrinkled  in  reverse. 
Its  conidial  heads  are  regularly  globose  with 
conidial  chains  radiating  from  the  vesicle  and 
these  chains  remain  firmly  intact.  Contrary  to 
what  is  published  on  the  species,  sclcrotia  simi- 
lar to  A.  fiavus  are  formed  in  some  strains.  The 
strains  used  in  this  study  when  grown  in  liquid 
medium  greatly  lowered  the  pll.  Based  on  a 
rather  limited  number  of  sources  for  cultures, 
this  species  appears  to  be  geographically  re- 
stricted to  the  tropics. 

(2)  Intermediate  between  .-1.  parasiticus  and  A.  fiavus 
sensu  stricto  are  five  strains  resembling  A.  fiavus 
in  their  yellow-green  colonies,  which  possess 
dark  brown  sclcrotia.  All  possess  both  imiseriatc 
and  biseriate  sterigmata,  a  characteristic  of  A. 
fiavus.  Its  members  fail  to  produce  the  low  pH's 
in  liquid  media  seen  in  A.  parasiticus.  However, 
like  A.  parasiticus,  all  strains  produce  afiatoxins 
Bi  and  Gi  in  high  amounts,  the  conidial  heads 
arc  all  globose,  and  the  conidial  chains  radiate 
and  do  not  shatter.  We  consider  this  group  to 
be  a  member  of  the  A.  fiavus  species. 

(3)  .-1.  fiavus  stnsu  stricto  may  or  may  not  produce 
afiatoxin.  When  it  is  produced,  the  amount  is 
lower  than  that  produced  by  the  first  two 
groups.  Many  isolates  do  not  produce  any  Gi 
or  if  they  do,  then  the  quantity  is  very  low.  The 
highest  level  of  B|  encountered  on  rice  was 
105  /ig-/g.  Isolates  came  from  all  over  the 
world.  Colonics  are  yellow  green  in  color  and 
with  or  without  brown  sclcrotia.  Every  isolate 
had  some  biseriate  sterigmata.  In  most  in- 
stances, the  spore  chains  shatter  readily  and  the 
conidial  heads  were  variable  in  shape. 

(4)  In  addition  to  the  A.  fiavus  strains,  12  additional 
strains  are  more  variable  morphologically  but 
nevertheless  are  retained  in  A.  fiavus. 

(5)  This  group  is  represented  by  three  strains,  one 
of  which  forms  very  high  levels  of  afiatoxin  Bi 
and  no  G.  The  other  two  form  relatively  low 
amounts  of  Bi  and  Gj.  In  all  other  respects, 
the  three  isolates  are  alike.  They  differ  from  A. 
fiavus  and  A.  parasiticus  by  having  enormous 
numbers  of  microsclcrotia  measuring  only 
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about  300m  in  diameter.  Hence,  the  surface  and 
underside  of  the  colonies  appear  brown  in  color 
and  on  Czapek's  solution  agar  the  colonies  are 
irregularly  wrinkled.  However,  the  few  conidial 
heads  are  yellow-green.  The  conidia  and  co- 
nidiophorcs  are  roughened  like  the  other  mem- 
bers of  the  scries.  The  sterigmata  are  biseriatc. 
Conidial  heads,  however,  arc  diffuse  and  glo- 
bose like  A.  parasiticus  and  conidial  chains  do 
not  appear  to  shatter.  This  group  represents  a 
new  taxon,  which  will  be  described  in  a  sub- 
sequent paper. 
(6)  The  sixth  group  may  not  actually  represent  a 
real  one  since  all  the  isolates  came  from  alkali 
bees.  Each  isolate  makes  aflatoxins  Bi  and  Gi 
and  one  strain  makes  more  anatoxin  B(  on 
liquid  medium  than  on  the  solid  substrates,  a 
condition  not  encountered  before.  All  cultures 
are  yellow-green,  lack  sclerotia,  and  are  unlike 
all  other  isolates  by  having  a  yellow,  diffusible 
pigment  and  a  bright  yellow  to  orange  colony 
reverse.  All  strains  have  biseriatc  sterigmata 
like  A.ftatms. 

Another  publication  will  describe  the  morpholog- 
ical and  biochemical  relationships  of  the  above  afla- 
toxins strains.  The  new  taxon  will  likewise  be  described 
and  named. 
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Summary 

We  investigated  such  physicochemical  procedures 
as  ultraviolet  spectrophotometry,  fluorescence  spectro- 
photometry and  thin-layer  chromatography  applica- 
ble to  quantitative  analysis  for  aflatoxins.  In 
ultraviolet  spectrophometry,  from  the  concentration 
response  curve  for  pure  aflatoxin  Bi,  at  363  in^u  an 
optical  density  value  of  1.0  corresponds  to  about  14 
/ig./ml.  of  aflatoxin  Bi  in  EtOII.  *  However,  if  the 
substances  showing  maximum  absorption  at  363  i\\n 
were  present  in  a  material  to  be  tested,  accurate 
determination  was  not  possible. 

Fluorescence  spectrophotometry  is  a  highly  sensitive 
method  for  determination  of  aflatoxin,  but  the  position 
of  the  peak  of  fluorescence  energy  distribution  and 
the  fluorescence  intensity  vary,  depending  upon  the 
solvent  used.  Aflatoxin  Bi  in  MeOH*  solution  gave 
the  largest  fluorescence  intensity.  On  the  other  hand, 
some  degradation  products  showed  an  emission  more 
intense  than  aflatoxin  Bi.  Aflatoxin  Bt  at  concentra- 
tions higher  than  50  /ig./ml.  showed  a  marked  concen- 
tration quenching.  Therefore,  further  studies  arc 
needed  for  the  determination  of  fluorescence  spectro- 
photometry. 

Thin-layer  chromatographic  densitometry  was  the 
most  hopeful  method  for  quantitative  determination 
of  aflatoxin.  Aflatoxin  Bi  was  dissolved  in  MeOH, 
EtOH,  benzene  or  chloroform  at  a  concentration  of 
10  jig. /ml.  Destruction  experiments  were  performed 
with  these  solutions  by  irradiation  with  an  ultraviolet 
lamp  at  various  distances  and  for  varying  times.  It 
appeared  that  destruction  by  UV  irradiation  with 
doses  smaller  than  a  certain  limit  proceeded  as  a 
first-order  reaction. 

One  of  the  irradiation  products  was  separated  by 
column  chromatography  and  compared  with  the 
original  aflatoxin  Bt  by  ultraviolet  spectrophotometry, 
infrared  spectrophotometry  and  mass  spectrometry. 
In  fragmentation  of  this  substance  by  electron  impact, 
a  marked  intense  peak  at  mass  over  energy  (m/e) 


•ElOH  and  MeOH  will  be  uied  <o  cieannaie  ethanol  »nd  methanol,  respec- 
tively. 


149  appeared,  which  was  considered  to  be  stable.  As 
indicated  by  the  mass  spectrometry,  photodiineriza- 
tion  of  the  couinarin  moiety  might  have  occurred 
prior  to  the  degradation  of  the  aflatoxin  Bi  molecule. 


Introduction 

There  has  been  much  study  on  the  destruction  of 
aflatoxins  by  chemicals,  but  there  is  only  meager 
information  on  the  effects  of  ultraviolet  and  gamma 
irradiation  on  aflatoxins. 

The  research  group  of  the  Food  and  Drug  Adminis- 
tration reported  that  new  fluorescent  photoproducts 
were  induced  by  UV  light  acting  on  aflatoxin  Bj 
situated  on  silica  gel  thin-layer  plates  (/).  From  a 
practical  standpoint,  this  work  suggested  that  inter- 
ception of  UV  light  is  essential  for  the  quantitative 
determination  of  aflatoxin  Bi  by  thin-layer  chroma- 
tography. 

One  of  the  authors  demonstrated  the  resistance  of 
aflatoxin  to  gamma  irradiation,  chemically  and  bio- 
logically. Aflatoxins,  particularly  when  in  solid  state, 
are  quite  stable  against  irradiation.  They  were  only 
partially  destroyed  with  30  M-rads  or  larger  doses 
(4).  Dr.  Wogan  and  his  collaborators  have  been 
working  with  the  kinetics  of  destruction  of  aflatoxin 
Bi  in  chloroform  by  gamma  irradiation  (personal 
communication). 

The  present  report  consists  of  two  parts.  In  the 
first  part,  we  will  discuss  the  chemical  assay  methods 
of  aflatoxin  Bi  and  its  related  compounds;  ultraviolet 
spectrophotometry,  fluorescence  spectrophotometry 
and  thin-layer  chromatographic  densitometry.  Then, 
the  effect  of  UV  irradiation  on  the  destruction  of 
aflatoxin  Bj  in  organic  solvents  will  be  described.  In 
the  second  part,  we  will  describe  one  of  the  degrada- 
tion products  separated  by  column  chromatography 
from  the  6-hour  irradiated  aflatoxin  Bi.  The  physico- 
chemical  properties  of  the  product  were  investigated 
by  thin-layer  chromatography,  ultraviolet  spectro- 
photometry, infrared  spectrophotometry  and  mass 
spectrometry. 
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EXPERIMENT  l-KINETIC  STUDIES 

Materials  and  Methods 

Aflatoxin.— The  molecular  extinction  coefficient  of 
aflatoxin  Bi  crystal  in  EtOH  was  22,200  and  its  mass 
spectrum  is  shown  in  figure  1 . 

Reagents.— All  organic  solvents  used  were  of 
reagent  grade.  Chloroform  was  redistilled  to  remove 
a  stabilizer  just  before  use  for  each  experiment. 

Fertile  egg.— Ninety-six-hour  incubated,  fertile 
chicken  eggs  were  used  for  the  toxicity  test. 

Duckling.— One-day-old  ducklings,  Campbell 
strain,  were  used  for  the  confirmation  test  of  toxicity. 

Ultraviolet  irradiation.— The  concentration  of 
aflatoxin  Bi  in  each  solvent  (EtOH,  McOH,  Benzene 
or  CHCL3)  was  adjusted  to  10  /ig./ml.  A  handmade 
reaction  chamber  for  the  irradiation  treatment  was 
used.  All  the  inner  surfaces  of  the  chamber  were 
covered  with  frosted  black  cloth  to  avoid  reflection  of 
UV  rays.  The  top  of  a  UV  lamp  (UV-ray  oscillator, 
NIKKO  SEIKI  model  NY-2,  100  W)  was  embedded 
at  the  center  in  the  chamber  floor  and  test  samples  in 
quartz  cuvettes  were  placed  at  required  distances  (5, 
10,  or  20  cm.)  from  the  lamp.  After  irradiation  for  a 
certain  period  (0.5,  1,  2,  4,  or  8  minutes),  the  re- 
maining aflatoxin  Bi  was  determined  quantitatively 
by  physicochemical  and  biological  methods.  The 
volume  of  the  solvent  in  each  reaction  cuvette  was 
adjusted  to  the  original  volume  after  the  irradiation, 
when  necessary. 


Ultraviolet  spectrophotometry.— The  UV-ab- 
sorption  spectrum  of  each  irradiated  sample  was 
compared  with  that  of  the  nonirradiated  aflatoxin 
Bi  control  solution  by  an  automatic  recording  spectro- 
photometer (SHIMAZU  MPS-50). 

Fluorescence  spectrophotometry. — The  changes 
in  fluorescence  energy  distribution  caused  by  the 
irradiation  were  determined  by  an  automatic  record- 
ing fluorospectrophoiometer  (SHIMAZU  GF-16). 

Thin-layer  chromatography  and  its  densitome- 
try.—Identification  of  aflatoxin  Bi  and  its  degrada- 
tion products  was  accomplished  by  a  thin-layer 
chroma togram  on  BIO-SIL  A  (0.50  mm.  thick, 
activated  at  110°  C.  for  60  minutes)  with  a  mixture 
of  chloroform-acetone  (90:10  to  87:13,  v/v,  depend- 
ing on  atmospheric  humidity)  as  developing  solvent. 
The  chromatogram  was  recorded  by  a  fluorescence 
densitometer  (OZUMOR  type  SD-91). 

Toxicity  test.— The  residual  toxicity  of  the 
irradiated  samples  was  determined  by  the  yolk  sac 
inoculation  test  using  96-hour  incubated  fertile  eggs. 
The  solvent  of  the  irradiated  sample  was  removed 
carefully  in  the  dark  and  under  vacuum.  The  residue 
was  dissolved  in  0. 1  ml.  of  EtOH  and  the  necessary 
dilutions  were  made  with  sterilized  water.  Each  dilu- 
tion was  injected  in  0.2  ml.  amounts  into  the  yolk  sac 
of  the  eggs  with  a  tuberculin  syringe.  Fifteen  to  fifty 
eggs  were  used  for  each  dilution  of  each  sample  to 
determine  the  LD50  value  after  48  hours'  observation. 
The  surviving  eggs  were  continuously  incubated  after 
checking  the  LD50  until  hatching.  The  chicks  were 
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Figure  1.— Mass  spectrum  of  aflatoxin 
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subsequently  observed  for  any  teratogenic  effect  of 
anatoxin  Bi  and/or  its  destruction  products. 

Duckling  test.— A  half-milliliter  of  the  diluted 
sample  was  administered  to  1 -day-old  duckling  orally 
with  a  nylon  cannula  direcdy  into  the  stomach. 

Results  and  Discussion 

As  demonstrated  in  figure  1,  aflatoxin  Bi  used  in 
this  experiment  was  in  the  form  of  a  highly  pure 
crystal  from  the  results  of  mass  spectrometry.  The 
molecular  extinction  coefficient  of  this  material  was 
22,200  in  EtOH. 

The  optical  densities  at  363  m/i  of  serially  diluted 
aflatoxin  Bi  solutions  in  EtOH  were  plotted  against 
the  concentration  and  the  UV  absorption  standard 
curve  is  shown  in  figure  2. 


0         t         4         •        •        10       12  14 

CONCENTRATION  (pg/ml) 

Figure  2.— Standard  curve  of  aflatoxin  Bi  in  ethanol  deter- 


For  the  quantitative  measurement  of  aflatoxin  Bi 
by  UV  spectrophotometry,  there  were  several  impor- 
tant factors  to  be  carefully  controlled,  such  as  the 
correction  factor  of  the  spectrophotometer,  purity  of 
the  sample  to  be  tested,  the  kind  of  solvent  used,  etc. 
For  the  unknown  samples  extracted  from  natural 


materials,  however,  it  could  be  estimated  roughly 
that  the  optical  density  at  363  imi  of  a  10  fig. /ml. 
concentration  was  approximately  0.7,  in  other  words, 
a  concentration  of  14  /ig./ml.  shows  an  OD  value  of 
approximately  1.0. 

The  fluorescence  energy  distribution  peak  of  afla- 
toxin Bi  in  reagent  grade  chloroform  (undistillcd) 
was  425  rtifi  with  an  excitation  wavelength  of  363  mfi 
and  in  distilled  chloroform  it  was  410  m/n.  The  peak 
position  and  intensity  of  fluorescent  emission  varied, 
depending  upon  the  solvent  used,  as  shown  in  table 
1 .  Aflatoxin  Bj  in  MeOH  showed  the  strongest  inten- 
sity among  the  solutions  generally  used  in  aflatoxin 
studies.  It  is  very  difficult  to  correlate  the  intensities 
or  the  peak  positions  of  each  aflatoxin  solution  to  the 
chemical  or  physicochemical  properties  of  the  solvent 
itself.  The  fluorescence  intensity  of  each  solution  can 
be  controlled  by  the  adjustment  of  the  instrument 
such  as  the  energy  level  of  the  excitation  lamp,  the 
slit  width,  and  the  sensitivity  of  the  automatic  detec- 
tor. Under  the  controlled  conditions  of  the  instru- 
ment, however,  the  peak  widths  at  half  height  of  the 
fluorescence  energy  distribution,  in  different  solvents, 
were  constant;  although  the  fluorescence  intensities 
and  the  peak  positions  greatly  changed.  The  intensity 
was  quite  stable  during  the  processes  of  measurement, 
even  in  MeOH,  for  over  20  minutes  if  the  sample 
contained  no  impurities.  Another  interesting  and 
important  characteristic  of  aflatoxin  Bi  as  a  fluores- 
cent substance  is  the  concentration  quenching 
phenomenon. 

As  shown  in  figures  3  and  4,  the  fluorescence 
intensity  of  aflatoxin  Bi  in  methanol,  and  also  in 
EtOH  or  CHC13,  markedly  decreased  at  concentra- 
tions higher  than  50  fig. /ml.  This  phenomenon  indi- 
cates that  selecting  the  appropriate  range  of 
concentration  is  one  of  the  most  important  factors  in 
determining  aflatoxin  or  other  materials  of  unknown 
concentration. 
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Table  1.— Solvent  effect  on  fluorescence  energy 
distribution  of  aflatoxin  Bj  excited  at  363  itij, 


Peak 
posi- 
tion      Slit       Half  Relative 
Solvent  (n>M)     level    width  emission 


Methanol   433  0.20  6.85  100 

Ethanol  ...431  .20  6.85  43 

Butanol  427  .20  6.85  43 

Propylene  glycol  435  .20  6.85  70 

Methanol   433  .38  7.20  100 

Distilled  water  445  .38  7.20  23 

Methanol  433  .41  6.85  100 

Chloroform  412  .41  6.85  2 

Chloroform  412  2.00  7.60  '100(2  ) 

Acetone  _  415  2.00  7.60  43(0.9) 

Benzene     2.00    0(0  ) 


'Relative  err.i*?ion  against  methanol. 


A  fluorescence  densitometer  was  used  for  the  instru- 
mental determination  of  thin-layer  chromatogram  of 
aflatoxin  Bi  and  its  destruction  products  (fig.  5).  The 
results  were  considerably  affected  if  the  thickness  or 
smoothness  of  the  adsorbent  layer  on  plates  varied 
and  the  transparency  was  different  from  one  plate  to 
another  in  the  instrumental  determination.  The  con- 
centration-response curve  given  in  figure  6  was  cali- 
brated from  quantitative  graphical  representations  of 
the  intensities  of  fluorescent  spots  of  serial  dilutions  of 
the  aflatoxin  Bi  standard  on  the  same  plate.  The 


fiducial  limit  was  confirmed  with  respect  to  each  con- 
centration at  the  95  percent  probability  level.  For 
quantitative  determinations  of  unknown  samples,  a 
standard  aflatoxin  B(  of  one  or  more  concentrations 
should  be  spotted  on  the  same  plate. 

As  demonstrated  in  figure  7,  aflatoxin  Bj  dissolved 
in  different  organic  solvents  was  degraded  by  UV 
irradiation.  The  degradation  patterns  varied  from 
one  to  another  depending  upon  the  kind  of  solvent 
used,  the  distance  between  the  UV  light  source  and 
the  sample,  and  the  exposure  time.  Aflatoxin  Bi  re- 
maining after  irradiation  was  determined  by  ultra- 
violet spectrophotometry  and  TLC  densitometry. 
The  percentages  of  the  remaining  amounts  against 
the  control  were  plotted  versus  the  exposure  time  on 
semilogarithmic  coordinate  paper. 

The  degradation  curves  of  aflatoxin  Bi  in  MeQH 
and  CHC13  (fig.  7)  and  EtOH  and  benzene  (fig.  8) 
seemed  to  follow  a  first  order  reaction  during  a  short 
period  of  exposure.  Further  studies  arc  being  made  to 
confirm  whether  or  not  the  destruction  of  aflatoxin 
Bi,  in  a  solvent,  by  UV  irradiation  is  a  real  first- 
order  reaction. 

As  is  clear  in  figure  8,  the  degradation  curve  ob- 
tained by  the  determination  of  the  changes  of  UV 
absorption  at  363  m/i  and  that  by  TLC  densitometry 
were  entirely  different.  This  fact  suggests  that  some 
degradation  products  maintain  chemical  structures 
that  still  show  the  UV  absorption  at  363  mj».  This 
presumption  was  supported  also  by  the  results  of  bio- 
logical tests  of  the  irradiated  samples. 
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inatlon  of  thin-layer  chromatogram  of  aflatoxin  Bi  , 
an  OZUMOR  fluorescence  densitometer  type  SO-91. 
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(Count) 


75     25     35     To  35"TmT 
Figure  6.— Standard  curve  of  aflatoxin  Bt  InTLC  densitonv 


The  results  of  fluorescence  spectrophotometry  with 
the  irradiated  samples  arc  shown  in  figure  9.  The 
TLC  densitometry  and  the  bioassay  demonstrated  that 
the  larger  the  dose  of  irradiation  the  less  the  amount 
of  aflatoxin  Bi  remaining;  whereas  the  fluorescence 
spectrophotometry  did  not  show  such  a  relationship. 
This  discrepancy  can  easily  be  explained  by  the  fol- 


lowing experiment.  A  fluorescence  intensity  of  more 
than  twice  that  of  aflatoxin  Bi  was  found  in  a  fraction 
of  the  degradation  products,  separated  on  a  column 
of  Sephadex  LH  20  with  chloroform,  as  shown  in 
figure  10. 


c,H« 


E  f  OH 


C.H, 


E  'OH 


Exposure  Time 


Figure  7.— Degradation  curves  of  aflatoxin  Bx  in  EtOH  and 
C6H6  determined  by  UV  spectrophotometry  and  TLC  densi- 


Table  2.— Effect  of  ultraviolet  irradiation  on  the  toxicity  of  aflatoxin  Bj 


Solvent 


Exposure 


(cm.) 


Exposure  time  (roinutes) 


LD«o  value  (>tg.  per  egg) 


EthanoL 


CWoroform_ 


Water . 


—No  irradiation  Control. 

5  2.. 

5   4.. 

5   8- 

_.No  irradiation  Control. 

5   2.. 

5...  4... 

10   4... 

20  4.. 

. .  No  irradiation  Control . 

5   0.5. 

5  2.. 

5..  8... 

.  -No  irradiation   Control  - 


.0.23 
...61 


.1 


...96 
...31 
...59 
.1.50 
...92 
...56 
...23 
...41 
...48 
...75 
._.27 
...33 
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Figure  8.-Dflgradation  curves  of  aflatoxin  B1  in  MeOH  and 
CHCIj  determined  by  TLC  densitometry. 


From  this  evidence,  the  high  fluorescence  intensity 
of  the  8-minute  irradiated  sample  consisted  of,  not 
only  the  intensity  of  aflatoxin  Bi  remaining,  but  also 
that  of  the  degradation  products. 

The  remaining  toxicities  of  irradiated  aflatoxin  Bi 
in  methanol,  ethanol,  chloroform,  or  water,  deter- 
mined by  the  yolk  sac  inoculation  test,  are  shown  in 
table  2. 


pressure  immersion  mercury  lamp  (100  w.).  Wave- 
lengths shorter  than  280  in/i  were  excluded  with  a 
filter,  Pyrex  7740,  so  that  the  emission  line  was  mainly 
360  mp. 

The  aflatoxin  Bi  used  in  this  experiment  had  been 
purified  by  column  chromatography  and  still  con- 
tained aflatoxin  B2,  at  about  20  percent,  according  to 
the  mass  spectrum.  Ten  mg.  of  aflatoxin  Bi  was  dis- 
solved in  300  ml.  of  methanol  and  the  solution  was 
irradiated  in  the  reaction  tube  into  which  the  lamp 
was  inserted. 

The  destruction  pattern  of  aflatox  n  Bt  in  terms  of 
UV  spectral  change  is  presented  in  figure  11.  The 
most  characteristic  of  the  absorption  maxima  of  afla- 
toxin, 363  ni|i,  rapidly  decreased  throughout  the 
period  of  irradiation.  The  destruction  curve  seemed 
to  follow  a  first-order  reaction.  The  toxicity  decreased 
according  to  the  decrease  in  UV  absorption.  Since 
the  appearance  of  a  new  absorption  maximum  at 
around  290  mju  was  observed  in  response  to  decrease 
of  the  absorption  at  363  mn,  some  alteration  of  the 
conjugation  system  may  have  taken  place  in  aflatoxin. 
Bi.  The  spectral  change  in  IR  absorption  also  suggests 
an  alteration  in  the  structure.  The  v  Snax*  of  the  19- 
hour  irradiated  aflatoxin  B]  were  as  follows:  1745, 
1730  (shoulder),  1621,  1360,  1200  (broad)  cm"1.  At 
least  four  fluorescent  products  other  than  aflatoxin  Bi 
were  separated  into  seven  fractions  from  this  sample 
by  chromatography  on  the  column  of  Kieselgel  G. 
The  X         of  the  fractions  are  indicated  in  table  3. 


Table  3.— Absorption  maxima  in  EtOH  of  the 
degradation  products  fractionated 
by  column  chromatography 


Fraction 


number  max  (mji) 


1   »220, 256  290 

2    224,  280 

3    220,  289 

4    220,  289 

5  220,  266  295,  362 

6   .  221,266  290,362 

71   "220,261  '290 


■Shoulder. 

«CHCI,  of  No.  7  Iraction  wet*  1730,  1M0.  lflOO.  1435.  1420,  and  1200 


EXPERIMENT  II— DEGRADATION 
PRODUCTS 

In  addition  to  the  kinetic  studies  of  the  degradation 
of  aflatoxin  Bi  by  UV  irradiation,  described  previ- 
ously, we  have  been  trying  to  isolate  the  degrada- 
tion products  from  the  irradiated  samples.  The  UV 
source  used  for  this  preparative  treatment  was  a  high- 


To  obtain  the  alteration  products,  a  methanol  solu- 
tion of  aflatoxin  Bi  was  irradiated  for  6  hours  in  the 
reaction  tube.  After  the  removal  of  the  MeOH-  and 
the  CHCla-soluble  portions,  the  product  was  chroma- 
tographed  on  a  column  of  Kieselgel  G  arc  separated 
into  nine  factions  according  to  the  fluorescent  zones 
as  shown  in  figure  12. 
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8  mln. 


Sample:  Aflatoxln  B. 
Solvent:  MeOH  10  *g/ml 
Irradiation  at  5  cm 
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Fraction  No.  1,  giving  a  yellow-green  fluorescence, 
had  a  Rr  value  of  0.84  on  a  TLC  plate,  and  its  X 
crnaxu  were  264,  276  and  282  rmi.  The  IR-absorption 
spectrum  of  the  fraction  is  shown  in  figure  13.  In 
fragmentation  of  this  fraction  by  electron  impact,  a 
marked  intensive  peak  at  m/e  149,  considered  to  be 
stable,  appeared  as  shown  in  figure  14.  However, 
further  experiment  will  be  needed  to  determine 
whether  or  not  this  fraction  is  composed  of  a  single 
substance. 
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From  the  observation  of  metastablc  ions,  it  might 
be  possible  that  the  ion  at  m/c  223,  205,  or  167  was 
fragmented  into  an  extremely  intensive  peak  at  m/e 
149.  On  the  other  hand,  the  fragmentation  pattern  of 
aflatoxin  Bi  obtained  by  electron  impact  (fig.  1)  was 
quite  different  from  that  of  the  product  mentioned 


above.  The  ion  at  m/e  149  was  not  observed  with 
aflatoxin. 

To  get  information  on  the  alteration  of  aflatoxin 
Bi  in  a  short  period  of  UV  irradiation,  it  was  irradi- 
ated for  30  minutes.  The  whole  of  the  reaction  prod- 
ucts, without  separation,  were  analyzed  by  the  mass 
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spectrometer  after  the  removal  of  the  solvent  used. 

As  shown  in  figure  15,  even  after  such  a  relatively 
brief  exposure  to  UV  radiation,  the  intensive  peak  at 
m/e  149  was  already  observed;  in  addidon,  several 
peaks  appeared  at  m/e  312  and  above.  The  peak  at 
m/e  312  indicates  the  presence  of  aflatoxin  Bi  re- 
maining. 

The  formula,  C8Hs03,  was  given  to  the  ion  at  m/e 
149  by  the  use  of  the  high-resolution  mass  spectrom- 
etry. From  the  results,  it  seems  to  be  possible  that 
such  a  rapid  and  complex  reaction  may  have  occurred 
in  aflatoxin  Bi  when  irradiated,  similar  to  the  photo- 
dimcrizadon  reactions  with  coumarins  (2)  or  pyrones 
(3,  5),  the  fragmentation  reaction  as  reported  with 


lactones  or  enol  esters  (6,  7),  and  the  oxidation  reac- 
tion or  some  other  reaction. 

Should  the  ion  at  m/e  149  be  the  ion  of  dihydroxy- 
benzofuran,  its  high  stability  could  be  explained.  As 
indicated  in  die  mass  spectrometry,  photodimerization 
of  the  coumarin  moiety  might  occur  prior  to  the 
fragmentation  which  results  in  the  possible  formadon 
of  the  precursor  of  dihydroxybenzofuran. 
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PERSPECTIVES  OF  THE  BOTULISM  PROBLEMS  IN  JAPAN 


by  Ryosuke  Murata  * 

Second  Department  of  Bacteriology,  National  Institute  of  Health, 
Shinagawa-ku,  Tokyo  141,  Japan 


In  May  1951,  at  Iwanai,  Hokkaido,  a  total  of  14 
persons  who  partook  the  same  herring  "izushi"  be- 
came ill  and  four  of  them  died.  The  disaster  was  at 
first  suspected  to  be  murder  by  some  poison.  The 
postmortem  examinations  failed  to  identify  the  possi- 
ble cause  of  the  deaths.  Drs.  Y.  Nakamura,  II.  Iida, 
and  other  staff  members  of  the  Hokkaido  Institute 
of  Public  Health,  Sapporo,  started  bacteriological 
examinations  of  the  incriminated  izushi.  All  known 
pathogenic  organisms  were  ruled  out.  An  extract  of 
the  izushi  killed  mice  in  a  few  hours  with  the  charac- 
teristic symptoms,  the  guitar-shaped  abdomen  and 
the  abdominal  breathing.  Botulinum  antitoxins  types 
A  and  B  failed  to  neutralize  the  toxin;  but  antitoxin 
type  E  completely  neutralized  the  toxin.  This  was  the 
first  outbreak  of  botulism  in  Japan  and  the  eighth 
known  type  E  outbreak  in  the  world  (19). 

Since  this  Iwanai  outbreak,  at  least  57  outbreaks  of 
botulism  have  occurred  in  Japan,  mostly  in  Hokkaido 
and  some  in  four  different  prefectures  in  the  northern- 
most part  of  Honshu.  There  have  been  at  least  321 
cases  and  85  deaths  with  an  average  fatality  rate  of 
26.5  percent.  The  epidemiology  of  botulism  in  Japan 
will  be  presented  by  Dr.  II.  Iida. 

Many  other  cases  and  deaths  with  similar  symptoms 
after  eating  izushi  had  been  recorded  before  1951  in 
Hokkaido  and  Tohoku  areas  (15,  20).  No  doubt  a 
large  number  of  these  cases  must  have  been  botulism. 

Of  all  the  outbreaks  in  Japan,  only  one  was  reported 
to  have  been  due  to  type  B  toxin  (18);  all  the  rest 
were  due  to  type  E  toxin.  In  addition  to  human 
botulism,  type  C  botulism  occurred  among  captive 
minks  in  1960  and  1964  in  Hokkaido.  The  mink 
outbreaks  will  be  detailed  by  Dr.  T.  Karashimada. 

In  1962,  as  many  as  55  persons  became  intoxicated 
at  Toyotomi,  Hokkaido,  after  eating  commercial 
products  of  herring  "kirikomi."  This  was  the  largest 
9cale  outbreak  in  this  country  and  perhaps  in  the 
world.  Fortunately,  only  one  death  occurred;  all  the 
other  54  cases  recovered,  although  15  were  seriously 
ill  and  another  26  were  moderately  ill.  A  Japanese 
preparation  of  type  E  antitoxin  was  administered  to 
all  the  seriously  and  moderately  ill  cases;  none  of 
them  died  (9).  In  the  period  of  9  years  since  1959, 
only  four  deaths  have  been  reported  in  Hokkaido, 

•Read  by  O.  Sakaguchi. 


possibly  because  it  has  become  the  general  rule  to 
administer  type  E  antitoxin  to  the  cases  of  izushi 
poisoning  by  the  physicians  even  before  the  bacterio- 
logical examinations  are  performed. 

It  is  noteworthy  that  all  the  57  outbreaks,  except 
two,  have  been  caused  by  izushi  or  kirikomi,  which 
are  similar  kinds  of  food  containing  fermented  raw 
fish.  Of  the  other  two  outbreaks,  one  was  due  to  the 
trout  eggs  (8)  and  the  other  to  a  commercially  canned 
mackerel  (35). 

Izushi  and  kirikomi  arc  traditional  Japanese  fer- 
mented food  made  of  raw  fresh  water  or  salt  water 
fish.  Izushi  contains  other  ingredients,  in  addition  to 
fish,  such  as  cooked  rice  and  occasionally  raw  vegeta- 
bles. The  fish  are  dressed  and  soaked  in  water  for  a 
few  days  to  remove  the  blood.  The  soaked  fish  are 
sliced  and  then  packed  in  a  container  with  "koji" 
(malted  rice)  to  allow  fermentation  for  a  few  weeks. 
Kanzawa  and  Iida  (//)  demonstrated  that  most  of 
the  toxin  is  produced  in  the  fish  meat  before  the 
initiation  of  fermentation.  The  acid  produced  by  the 
fermentation  protects  the  preformed  toxin,  which  is 
mostly  in  the  stable  macromolecular  form  (28).  The 
nature  of  the  toxin  in  izushi  will  be  detailed  by  Dr. 
G.  Sakaguchi.  Izushi  and  kirikomi  are  always  eaten 
without  cooking,  since  cooking  destroys  the  delicate 
flavor  and  the  acceptability. 

The  distribution  of  spores  of  C.  botulinum  has  exten- 
sively been  investigated  in  Japan.  The  details  will  be 
presented  by  Dr.  H.  Iida  and  by  Dr.  E.  Kodama. 
Nakamura  et  al.  (21)  examined  a  total  of  2,300  soil 
samples  collected  in  Hokkaido  and  demonstrated 
type  E  organisms  in  82  samples  (3.6  percent). 
Kanzawa  (10)  demonstrated  type  E  organisms  in  30 
(9.5  percent)  out  of  315  soil  samples  taken  along  the 
Ishikari  River,  Hokkaido,  from  the  mouth  to  50  km. 
upstream.  He  also  demonstrated  type  E  organisms  in 
seven  (23  percent)  of  30  samples  of  coastal  sand. 

From  the  dead,  floating  fish  taken  from  Hachiro 
Lagoon,  Akita,  type  E  organisms  were  demonstrated 
in  very  high  frequency;  83  percent  in  one  survey  and 
92  percent  in  the  other.  The  corresponding  figure 
with  fresh  fish  at  the  fish  market  in  Akita  was  0.4 
percent  (15).  The  same  authors  demonstrated  type  E 
organisms  at  a  rate  of  12  percent  in  homemade  and 
commercial  izushi  in  Akita.  Kobayashi  (14)  isolated 
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two  type  E  cultures  from  mud  samples  collected  at 
the  Central  Fish  Market,  Tokyo.  Yamagata  (34)  iso- 
lated three  type  E  strains  from  soil  samples  taken  in 
Yamaguchi  prefeccure,  where  no  outbreak  has  been 
reported.  More  recently,  Kanzawa  and  his  associates 
conducted  an  extensive  survey  for  C.  botulinum  in 
Hokkaido.  The  results  will  be  presented  by  Dr.  K. 
Kanzawa.  They  detected  type  E  spores  in  higher 
rates  than  before. 

Type  A  organisms  had  been  isolated  in  Kyushu 
area  before  the  Iwanai  outbreak  (33)  and  later  were 
isolated  in  Akita  prefecture  (16).  The  type  B  outbreak 
due  to  izushi  (18)  was  mentioned  previously.  The 
mink  outbreaks,  mentioned  before,  were  caused  by 
the  meat  of  a  sperm  whale  caught  off  the  coast  of 
Hokkaido  and  by  the  meat  of  a  horse  which  died 
with  colic-like  symptoms.  It  is  certain,  therefore,  that 
in  addition  to  type  E,  types  A,  B,  and  C  spores  may 
be  distributed  in  this  country,  although  no  type  B  or 
C  organisms  have  been  isolated  during  the  soil 
surveys. 

The  efficiency  of  detecting  the  spores  of  C.  botulinum 
or  any  other  organisms  may  vary  depending  on  the 
method  employed.  In  fact,  the  percentage  of  positive 
soil  and  other  samples  has  gradually  increased  in  the 
past  years.  Establishing  a  worldwide  standardized 
method  for  isolating  C.  botulinum,  including  enrich- 
ments, selective  or  differential  culture  medium,  etc.  is 
desired. 

Culture  media  for  C.  botulinum  type  E  consisting  of 
fish  extract  was  devised  by  Sacki  (24).  Kanzawa  and 
his  associates  have  used  the  centrifugal  precipitate  of 
washings  of  relatively  large  amounts  of  soil  samples 
in  phosphate  buffer  (pH  7)  as  inocula  in  their  recent 
surveys.  The  influence  of  other  microorganisms  in  the 
enrichment  cultures  seems  to  be  important.  Sakaguchi 
and  Tohyama  (30,  31)  found  an  activation  of  type  E 
toxin  by  an  enzyme  produced  by  contaminating 
organisms.  Inhibition  or  enhancement  of  growth  and 
toxin  production  of  type  E  organisms  by  various 
aerobic  microorganisms  was  studied  by  Karashi- 
mada  and  Inoue  (12).  Organisms  very  similar  to 
C.  botulinum,  type  E,  producing  no  toxin,  were 
often  found  on  agar  plates  inoculated  with  soil 
or  fish  samples  (21).  Nontoxic  variants  of  C.  botulinum, 
type  E,  originally  found  by  Dolman  (2)  and  des- 
ignated as  "OS"  and  "TP"  variants  were  often  en- 
countered in  this  country  (6). 

Subtyping  type  E  organisms  by  the  agglutination 
reaction  was  attempted  by  Ono  and  Rei  (23)  and 
Ono  (22).  Dr.  K.  Yamamoto  will  present  their  results 
on  agglutination  tests.  Agglutination  tests,  if  practica- 
ble in  every  laboratory,  will  be  of  use  not  only  in 
epidemiological  work,  but  also  identifying  nontoxic 
variants  of  C.  botulinum  type  E. 

For  the  moment,  identification  of  C.  botulinum  must 


be  entirely  dependent  upon  the  mouse  injection  and 
the  neutralization  tests  with  the  specific  antitoxins. 
The  deaths  of  mice  from  type  E  botulism  seem  to  be 
quicker  than  from  other  types,  but  it  takes  at  least  24 
hours  to  quantitate  the  toxin.  A  quicker  determina- 
tion of  the  toxin  by  measuring  the  time  from  intra- 
venous injection  into  mice  to  death  was  originally 
studied  by  Boroff  and  Fleck  (7)  with  type  A  toxin. 
Their  method  applied  to  type  E  toxins  will  be  reported 
by  Dr.  G.  Sakaguchi.  He  proposes  an  assay  method 
based  on  the  principles  of  quick  determination  by 
intravenous  injection  and  of  the  relative  toxicity 
against  a  reference  toxin  by  the  parallel-line-assay 
method.  I  believe  the  method  will  be  of  value  in 
comparing  the  toxicities  of  preparations  between  dif- 
ferent laboratories.  I  hope  other  quick  and  reproduci- 
ble methods  for  determining  the  toxins,  preferably 
without  using  animals,  will  also  be  established. 

Besides  the  ecological,  clinical,  and  epidemiologi- 
cal work  on  botulism  much  basic  experimental  work 
has  been  conducted.  Due  to  the  prevalence  of  type  E 
botulism  in  Japan,  most  work  has  been  concerned 
with  type  E.  Sakaguchi  and  Tohyama  (30,  31) 
reported  that  type  E  toxin  is  produced  in  the  form  of 
a  virtually  nontoxic  "precursor"  which  is  activated 
by  a  proteinase,  produced  by  contaminating  organ- 
isms, to  become  the  fully  acuve  toxin.  This  finding 
was  substantiated  by  Duff  ct  al.  (3)  who  found  a 
more  marked  activation  of  type  E  toxin  by  trypsin. 
The  activation  occurs  not  only  in  the  test  tube  but 
also  in  foods,  as  well  as  in  the  digestive  tract  of  the 
consumer,  playing  a  very  important  role  in  patho- 
genesis of  type  E  botulism.  Therefore,  this  phenom- 
enon has  been  paid  much  interest  from  medical, 
biological  and  chemical  viewpoints.  Activation  seems 
to  occur  commonly  in  other  types  of  toxins,  which 
will  be  presented  by  Dr.  H.  Iida. 

Purification  of  the  precursor  of  type  E  toxin  has 
been  attempted.  It  was  obtained  from  the  bacterial 
cells  in  the  form  of  an  RNA-protein  complex  (25), 
but  later  the  RNA  was  removed  by  RNAase  without 
affecting  the  toxicity  (27).  Both  the  precursor  and  the 
activated  toxin  possessed  the  same  sedimentation 
constants  of  1 1.5S  and  no  other  physicochemical  dif- 
ferences were  found  between  them  (26).  This  is  an 
indication  that  the  activation  involves  a  minor  struc- 
tural change  of  the  precursor  molecule.  On  the  con- 
trary type  E  toxin  of  much  smaller  molecular  size, 
1.7S,  was  obtained  by  Gerwing  et  al.  (5),  who  found 
that  activation  involved  the  removal  of  at  least  18 
amino  acid  residues  from  the  molecule  (4).  They  stated 
that  the  1 1 .5S  toxin  obtained  by  Sakaguchi  et  al. 
must  have  been  an  artifact  aggregated  during  the 
purification.  The  arguments  between  Gerwing's  and 
Sakaguchi's  groups  lasted  for  a  long  time.  In  the 
meantime,  Sakaguchi,  Sakaguchi  and  Karashimada 
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(28)  demonstrated  that  the  toxin  in  izushi  possessed 
about  the  same  sedimentation  constant  as  the  purified 
toxin  obtained  by  themselves.  Schantz  and  Spcro 
(32)  demonstrated  that  the  sedimentation  constants 
of  the  toxins  of  all  six  types  in  spent  cultures  are 
larger  than  14S.  From  these  findings,  it  can  be  said 
that  the  macromolecular  toxins  are  not  the  artifact, 
but  represent  the  natural  form  of  Botulinum  toxins, 
even  if  they  represent  the  aggregates.  In  fact,  the 
11. 5S  toxin  was  found  to  consist  of  two  7S  compo- 
nents; one  is  apparenUy  or  potentially  toxic,  while  the 
other  component  is  nontoxic  (13).  Details  of  purifica- 
tion and  dissociation  of  type  E  toxin  will  be  presented 
by  Dr.  G.  Sakaguchi. 

The  case  fatality  rate  from  botulism  in  Hokkaido 
was  about  29  percent  until  1959;  since  then  it  has 
dropped  down  to  3  percent  (9).  In  1959,  type  E 
antitoxin,  sent  from  Dr.  C.  E.  Dolman  of  the  Univer- 
sity of  British  Columbia,  was  first  used  (7)  and  it 
appeared  to  be  very  effective,  even  applied  to  the 
very  seriously  diseased  cases.  Therefore,  the  National 
Institute  of  Health,  Tokyo,  undertook  the  preparation 
of  type  E  antitoxin  with  the  aid  of  Hokkaido  local 
government,  from  1960  and  onward.  Since  1959,  as 
stated  before,  practically  no  deaths  have  resulted  from 
type  E  botulism. 

It  is  rather  unbelievable  that  the  antitoxin  rescued 
botulism  cases  from  deaUi  even  after  development  of 
the  symptoms.  Iida  and  his  associates  of  the  Hokkaido 
Institute  of  Public  Health  have  been  working  to  ex- 
plain why  type  E  antitoxin  therapy  is  so  effective. 
The  paper  by  Dr.  T.  Ono  on  the  absorption  of  type 
E  toxin  from  the  intestine,  is  one  of  the  scries  of  their 
studies. 

Before  the  establishment  of  the  International  Stand- 
ards for  C.  botulinum  antitoxins  in  1963,  Rondo  et  al. 
(17)  had  proposed  a  method  for  testing  potency  of 
type  E  antitoxin  by  determining  the  relative  potency 
against  an  arbitrary  standard  antitoxin.  It  was  found 
that  the  slopes  of  the  neutralization  curves  of  botu- 
linum toxins  are  not  45°,  being  different  from  those 
of  diphtheria  or  tetanus  toxins.  The  toxins  and  anti- 
toxins must  be  studied  further  to  explain  the  differ- 
ence. 

In  preparation  of  the  antitoxin,  we  started  to 
immunize  horses  with  trypsin-activated  toxin,  but 
later  we  found  that  the  precursor  was  a  much  better 
antigen.  The  antigenicities  of  the  precursor  and 
trypsin-activated  toxin  will  be  reported  by  Dr.  H. 
Rondo.  Partially  purified  precursor  materials  are  now 
being  used  to  immunize  horses  and  it  is  not  difficult 
to  obtain  a  serum  containing  over  1,000  IU/ml.  In 
the  treatment  of  the  cases  in  this  country,  a  dose  of 
2,600  to  8,400  IU  per  person  has  been  administered 
with  remarkable  success.  The  production  of  type  E 
antitoxin  is  now  undertaken  by  Chiba  Ressei  Labor- 


atories in  Chiba  prefecture.  Two  hundred  doses  are 
subsidized  by  the  Government  every  year  and  these 
arc  available  at  any  time  in  any  district  in  Japan. 

Even  though  people  arc  aware  of  the  danger  of 
izushi,  it  is  still  popular  in  northern  parts  of  Japan 
and  even  many  of  those  who  once  suffered  from 
izushi-borne  botulism  still  cannot  abstain  from  it. 
Recurrences  of  type  E  botulism,  therefore,  seem  to  be 
quite  possible,  particularly  since  the  individuals  may 
not  have  acquired  immunity  by  the  previous  intoxica- 
tion. Serum  sickness  is  anticipated  if  one  who  has 
received  serum  should  become  ill  again.  Therefore, 
vaccination  with  toxoid  of  the  inhabitants  of  the  areas 
where  type  E  spore  distribution  is  particularly  dense 
and  izushi  and  similar  foods  are  popular  has  become 
a  matter  of  interest.  Type  E  toxoid,  prepared  by 
Rondo  ct  al.,  from  a  highly  purified  precursor,  was 
administered  to  a  total  of  34  human  volunteers  and 
satisfactorily  high  levels  of  immunity  were  attained. 
The  results  will  also  be  introduced  by  Dr.  H.  Rondo. 
There  arc,  however,  considerable  difficulties  in  the 
practice  of  vaccinating  a  large  number  of  people. 

Approaches  to  the  prevention  of  botulism  by  other 
methods  have  been  made.  Ranzawa  and  Iida  (11) 
advocated  preparing  izushi  only  at  cold  seasons  with 
extremely  fresh  fish  and  minimizing  the  period  of 
soaking  the  fish  in  water,  preferably  in  acidified 
water.  The  attempts  to  irradiate  foods  to  destroy  C. 
botulinum  spores  made  by  Dr.  Y.  Ando  and  his  associ- 
ates and  the  preformed  toxin  by  Dr.  T.  Miura  and 
his  associates  will  be  presented.  The  use  of  such  anti- 
biotics as  tetracyclines  (29)  or  tylosine  (Iida  ct  al., 
unpublished  data)  was  attempted.  The  propaganda 
for  a  safe  method  of  preparation  by  Ranzawa  and 
Iida  has  undoubtedly  worked  to  a  considerable  extent, 
but  no  other  methods  have  been  practiced.  Control 
of  botulism  should  rely  upon  food  sanitation  in  the 
first  place  and  antitoxin  administration,  unfortu- 
nately, if  cases  occur.  Those  who  have  received  the 
antitoxin  had  better  be  actively  immunized. 

Spores  of  C.  botulinum  are,  no  doubt,  very  widely 
and  heavily  distributed  in  this  and  other  countries. 
Type  E  spores  arc  particularly  associated  with  sea- 
foods which  are,  in  this  country,  eaten  either  fresh  or 
often  preserved  without  any  cooking  at  any  steps  of 
processing.  Although  botulism  is  a  rare  disease  and 
deaths  from  it  are  very  rare  as  compared,  for  example, 
with  those  from  traffic  accidents,  it  will  no  doubt, 
continue  to  threaten  people.  In  recent  years,  with  the 
development  of  modern  food  technology,  people  will 
eat  foods  which  they  have  never  encountered  before. 
We  can  cat  anything  from  any  place  in  the  world  in 
frozen,  refrigerated  or  vacuum-packed  form  that  are 
stored  and  transported  under  so-called  "the  cold-chain 
system".  Botulism  may  no  longer  be  a  mere  local 
disease.  I  believe  that  the  potential  hazard  of  these 
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and  other  foods  must  be  reevaluated  and  the  stand- 
ardization of  each  item  of  food  must  be  established. 
Simple  and  reliable  methods  for  detecting  C.  botu- 
linum  and  the  toxin  in  varieties  of  foods  must  be 
established  and  standardized. 

The  public  health  authorities  must  realize  the  botu- 
lism will  go  on  threatening  people  as  a  potential 
hazard  no  matter  how  the  life  is  modernized  or  food 
technology  industrialized.  Some  years  ago,  ladies  in 
Detroit  died  from  type  E  botulism  after  eating  com- 
mercially canned  tuna  fish  manufactured  in  Califor- 
nia. This  occurred  nearly  half  a  century  after  the 
canning  industry  established  the  sterilization  standard 
against  botulism.  This  is  just  an  example  that  a  dis- 
aster comes  when  people  have  forgotten  the  possible 
dangers.  Many  scientists  in  Japan  are  interested  in 
work  on  botulism,  but  it  seems  to  me  that  the  Govern- 
ment is  not  as  interested.  Dr.  G.  Sakaguchi's  and  Dr. 
H.  Iida's  groups  have  been  supported  financially  to 
carry  on  their  work  by  the  U.S.  Public  Health  Service. 
I  hope  that  this  joint  conference,  in  which  the  partic- 
ipants from  the  United  States  and  Japan  are  present- 
ing the  most  recent  findings,  will  stimulate  not  only 
the  scientists  concerned  with  botulism  projects,  but 
also  the  governmental  authorities  concerned  with 
public  health.  It  should  stimulate  them  to  realize 
that  research  activities  on  botulism  must  be  further 
encouraged,  in  order  to  prevent  disasters  which  will 
always  be  possible  when  people  ignore  the  problem. 
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I  welcome  the  opportunity  to  present  some 
thoughts  on  directions  for  future  research  in  botulism. 
It  is  an  instructive  activity  for  the  investigator  to  stop 
on  occasion  and  to  look  back  before  he  continues 
ahead.  Such  a  step  is  an  occasion  to  think  critically 
about  what  has  been  done  and  reported.  One  should 
be  enabled  to  unmask  past  errors,  identify  important 
unasked  questions,  and  focus  attention  on  promising 
opportunities.  This  I  hope  to  do  by  examining  some 
aspects  of  the  ecology  of  botulism,  the  nature  of 
botulinal  toxins,  and  the  mode  of  action  of  the  toxins. 

Action 

What  is  remarkable  and  unexplained  is  the  unequal 
distribution  around  the  world  of  Clostridium  botulinum 
and  its  toxin  types.  In  the  last  10  years  there  has 
been  a  spurt  in  publication  of  searches  for  the 
presence  of  the  organism  in  previously  unexplored 
regions.  To  date  where  the  search  has  been  extended 
the  botulinal  organism  has  been  found  and  previous 
observations  of  the  unequal  distribution  of  types  have 
not  been  violated.  Nonetheless  there  remain  gaps  in 
our  knowledge  of  the  geographic  distribution  of  the 
organism.  There  have  not  been  reported  adequate 
studies  of  distribution  in  the  humid  tropics.  For  ex- 
ample, I  have  not  found  studies  of  the  water  courses 
of  the  Amazon,  Orinoco,  Congo,  and  the  heavy 
rainfall  tropical  regions  of  Central  America,  Asia 
(Indonesia  and  the  Philippines,  for  example),  and 
South  Pacific  islands.  Nor  have  I  found  reports  on 
studies  of  snow,  ice,  and  soil  specimens  from  the 
Antarctic.  In  the  Arctic  environment  of  Alaska  and 
Canada,  epidemics  of  botulism  described  by  Dr.  C. 
E.  Dolman  have  been  associated  with  marine  animals 
that  are  migratory.  Does  this  botulism  result  from 
introduction  of  Clostridia  from  non-Arctic  sources? 
To  complete  the  worldwide  survey  of  the  distribu- 
tion of  Clostridium  botulinum  the  true  arctic  and  humid 
tropical  regions  should  be  surveyed  adequately.  It 
would  be  both  a  convenience  and  a  stimulus  to  the 
investigator  if  someone  will  update  Meyer's  (13) 
survey  of  botulism  as  a  worldwide  problem  by  pub- 
lication of  a  world  map  marked  correcdy  as  to  rain- 
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fall,  latitude  and  longitude  with  points  separately 
identifying  areas  in  which  human  and  animal  botu- 
lism, and  isolations  of  C.  botulinum  types  from  soils  and 
bodies  of  water  have  been  reported. 

If  Clostridium  botulinum  were  adapted  to  life  in  the 
soils  of  the  humid  tropics,  one  would  expect  botulism 
to  occur  in  man  and  other  susceptible  animals.  The 
standards  of  living  and  methods  of  preserving  home- 
grown foods  in  the  developing  nations  of  the  humid 
tropics  should  provide  ample  opportunity  for  food 
poisoning.  Certainly,  food  poisoning  by  microbes 
other  than  C.  botulinum  is  a  common  event  in  the 
humid  tropics.  Botulism,  a  dramatic  disease  with  dis- 
tinctive neurological  signs,  can  hardly  have  escaped 
medical  and  veterinary  notice.  So  we  arc  presented 
with  a  problem.  Is  the  organism  absent  in  the  humid 
tropics?  Or  is  there  some  peculiarity  of  human  ex- 
istence, animal  husbandry,  and  the  habits  of  wild- 
life which  prevents  the  appearance  of  clinical  disease 
in  spite  of  the  presence  of  the  organism  in  the  natural 
environment?  I  do  not  believe  that  populations  in  the 
humid  tropics  have  developed  antitoxic  immunity  by 
reason  of  exposure  to  sublethal  doses  of  toxin.  This  is 
based  on  observation  of  absence  of  antitoxin  in  sera 
of  normal  persons  both  in  the  United  States  and 
from  an  area  of  the  humid  tropics.  A  normal  person 
in  this  context  would  be  defined  as  one  not  having  a 
history  of  exposure  to  toxoid  or  clinical  botulism. 

In  the  United  States  we  have  the  interesting  situa- 
tion of  the  occurrence  of  type  C  epizootics  without 
report  of  cases  of  human  type  C  poisoning.  A  logical 
reaction  to  this  realization  is  to  assume  man  to  be 
immune  to  type  C  poisoning.  Since  all  common 
laboratory  experimental  animals,  including  monkeys, 
do  become  ill  when  exposed  by  any  route  to  a  suffi- 
cient quantity  of  type  C  toxin,  it  would  be  necessary  to 
accept  the  hypothesis  by  becoming  a  believer  in  the 
uniqueness  of  man,  a  prejudice  I  reject.  More  impor- 
tant is  the  recent  Russian  claim  of  two  cases  of  type 
C  botulism  in  man  (10).  What  is  required  is  an  inten- 
sive investigation  of  the  growth  and  toxin  production 
habits  of  type  C  organism  to  learn  if  it  cannot  grow 
in  some  soils  man  cultivates  to  grow  his  foods,  or  is 
present  in  bottom  muck  of  bodies  of  water  so 
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unpalatable  as  to  never  be  a  source  of  raw  drinking 
water.  A  final  possibility  is  that  concentration  of  type 
C  toxin  in  natural  waters  is  so  low  as  to  make  it 
impossible  for  a  man  to  drink  enough  for  visible  harm 
to  result.  Exploration  of  the  aforementioned  possibili- 
ties would  go  a  long  way  in  providing  understanding 
or  clues  as  to  what  combinations  of  natural  events 
must  occur  before  the  threat  of  type  C  botulism  can 
become  a  reality  for  man. 

From  a  bacteriological  point  of  view  we  arc  only 
superficially  acquainted  with  the  factors  determining 
the  opportunity  for  growth  and  consequent  spolia- 
tion and  persistence  of  the  botulinal  organism  under 
natural  conditions.  This  knowledge  could  be  essential 
for  understanding  the  peculiarities  of  distribution  of 
the  different  types.  Here  the  interaction  of  physical 
and  chemical  factors  might  be  of  critical  importance. 
If  this  is  so  then  laboratory  studies  of  temperature 
limits  of  growth  or  other  physical  agents,  would  not 
be  helpful  unless  the  laboratory  medium  duplicated 
the  natural  chemical  environment.  In  this  context 
the  term  natural  chemical  environment  encompasses 
any  contributions  made  by  soil  organisms,  chiefly 
microbes.  That  antagonistic  effects  of  a  mixed  micro- 
flora might  explain  the  absence  of  types  of  C.  botulinum 
is  attested  by  the  recent  claim  that  the  type  F  organism 
is  subject  to  seasonal  inhibition  by  the  fluctuations  in 
the  population  density  of  Bacillus  lichenijormis  (B.  sub- 
tilis)  (16).  This  study  is  a  typical  attempt  to  relate 
microbial  flora  to  the  growth  of  a  particular  organism 
of  interest.  What  is  done  is  to  seek  correlations  be- 
tween the  counts  of  a  particular  micro-organism  and 
C.  botulinum  in  soil  samples.  Such  studies  are  suggestive 
but  not  definitive.  A  specific  natural  event  in  the 
complex  environment  of  soil  might  simultaneously 
cause  an  increase  in  population  of  one  organism  and 
a  decrease  in  population  of  another  kind  of  organism. 
Thus  the  correlations  published  to  date  can  be  viewed 
as  clues  to  pursue  but  not  as  evidence  of  cause  and 
effect. 

Nature  of  Botulinal  Toxin 

Ever  since  the  crystallization  of  type  A  toxin,  it  has 
been  the  conscious  and  unconscious  wish  of  some 
persons  that  the  reported  high-molecular  weight  of 
the  material  was  false,  or  if  true,  was  not  representa- 
tive of  the  size  of  the  true  toxin  molecule.  This  think- 
ing results  from  a  number  of  considerations,  some 
reasonable  and  others  mythological.  Prominent  is  the 
mythology  that  to  be  absorbed  an  oral  poison  must 
have  a  low-molecular  weight.  This  view  is  unphysio- 
logical  since  it  ignores  the  fact  that  the  intestinal 
barrier  is  penetrable  to  some  degree  by  molecules  of 
all  kinds  and  all  sizes.  The  barrier  to  absorption  is 
not  absolute  in  its  capacity  to  deny  to  any  molecule 


an  escape  route  through  the  intestinal  wall.  Direct 
proof  has  been  offered  for  the  appearance  of  botulinal 
toxin  as  a  full-sized  protein  in  the  lymph  draining 
from  the  intestinal  tract  (6").  Thus  there  should  now 
be  laid  to  rest  any  further  doubts  about  the  large  size 
of  botulinal  toxin  simply  because  the  toxin  acts  as  an 
oral  poison. 

Another  incentive  for  the  wish  that  botulinal  toxin 
is  a  small-molecular-weight  protein  is  the  hope  to 
synthesize  the  toxin  in  the  laboratory.  Obviously,  the 
smaller  the  molecule  the  easier  the  task.  The  wish 
ignores  the  universe  not  organized  to  suit  man's  con- 
venience. Hopefully,  the  increasing  skill  in  analyzing 
the  amino-acid  sequence  of  increasingly  larger 
molecules  and  improved  control  of  peptide  bond  for- 
mation will  quiet  the  need  some  people  feel  to  hope 
the  toxin  is  a  small  molecular  weight  protein. 

Language  can  help  or  victimize  us.  The  word  toxi- 
phore  has  a  historic  appeal  to  microbiologists.  So  it  is 
not  unnatural  for  members  of  the  microbiological 
fraternity  to  speak  of  a  toxiphorc  in  the  bmulinal 
toxin.  From  this  habit  it  is  easy  to  go  one  step  further 
and  hope  that  most  of  the  amino-acid  structure  of 
the  toxin  molecule  is  outside  the  toxiphorc  and  super- 
fluous to  the  property  of  poisoning.  Hence  the  large- 
molecular-wcight  toxin  should  be  reducible  to  a 
smaller  weight  toxiphorc  which  is  the  true  toxin.  We 
should  be  reminded  that  our  knowledge  and  appreci- 
ation of  protein  structure  has  expanded  since  the 
simplistic  concept  of  a  toxiphore  was  invented.  We 
might  be  better  advised  to  drop  this  term  when  we 
are  considering  the  biological  activity  of  a  simple 
(unconjugated)  protein  molecule  as  is  the  case  for  the 
botulinal  toxins.  A  molecule  composed  only  of  amino 
acids  may  have  an  "active  center,"  if  we  must  borrow 
a  modern  term,  but  a  role  remains  for  more  amino- 
acid  residues  than  those  composing  the  active  center 
alone.  The  fact  is  that  while  active  centers  of  simple 
enzymatic  proteins  have  been  identified,  these  active 
centers  depend  for  their  catalytic  (biological)  role 
upon  their  incorporation  within  a  larger  molecule. 
There  is  no  theoretical  or  real-life  obstacle  to  believing 
that  a  large  protein  molecule  as  a  whole  can  act  as  a 
poison  rather  than  some  smaller  piece  of  it  alone. 

When  it  was  demonstrated  that  crystalline  botulinal 
toxin  possessed  the  property  of  agglutinating  erythro- 
cytes, and  that  this  property  was  resident  in  a  sub- 
stance separable  from  a  neurotoxic  component  (9),  it 
became  reasonable  to  think  of  the  crystalline  toxin  as 
being  a  complex.  The  separation  of  the  neurotoxin 
from  the  hcmagglutinating  material  results  in  a  toxic 
molecule  of  lower  molecular  weight  than  the  complex. 
On  the  other  hand  the  hcmagglutinin-free  toxin  still 
has  the  dimensions  of  a  large  protein  [11).  That  the 
large  molecular  size  of  crystalline  and  other  purified 
toxin  types  is  not  an  artifact  of  the  method  of  purifica- 
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tion  but  is  a  reflection  of  the  original  state  of  molecular 
size  in  the  growth  culture  has  been  conclusively 
demonstrated  by  Schantz  (15).  These  facts  dictate 
the  necessity  to  focus  attention  on  the  size  of  hemag- 
glutinin-free  toxin.  This  is  the  direction  future  research 
on  the  molecular  size  of  toxin  should  take.  Any  claim 
for  a  molecular  size  smaller  than  crystalline  toxin  or 
toxin  in  culture  medium  should  include  data  on  the 
hemagglutinating  activity  of  the  material.  Unfortu- 
nately this  has  not  been  done  in  most  of  the  publica- 
tions of  claims  of  isolations  of  low  molecular  weight 
toxin. 

An  inexcusable  defect  in  most  of  the  published 
claims  for  small  molecular  weight  toxin  is  the  lack  of 
precise  data  on  specific  activity  (LDjo/mg.  dry  weight 
or  mg.  X).  Either  no  data  are  given  or  the  informa- 
tion is  sketchy  and  reported  as  MLD  instead  of  LD50. 
A  Jess  serious  but  nonetheless  significant  defect  is  that 
the  amount  of  low  molecular  weight  material  isolated 
is  meagre.  I  suspect  in  some  cases  this  is  the  reason 
for  the  nonexistent  or  poor  data  on  specific  activity. 
Apparently  so  little  material  is  isolated  as  to  make 
the  authors  reluctant  or  unable  to  use  the  quantity  of 
material  needed  to  perform  well-controlled  quantita- 
tively adequate  titrations  for  specific  activity. 


A  significant  fact  is  that,  except  for  claims  of  isola- 
tion of  about  150,000  molecular  weight  toxin  (3,  7), 
when  specific  activity  is  quoted  it  is  considerably  less 
for  the  small-sized  material  than  for  the  900,000 
molecular  weight  type  A  toxin  or  large-sized  toxin  of 
other  types.  If  large  molecular  weight  toxin  were 
some  kind  of  aggregate  of  lower  sized  toxic  particles 
specific  activity  for  the  large  molecular  weight  mate- 
rial should  not  be  greater  than  for  the  individually 
toxic  particle  (8).  If  it  was  greater,  we  must  conclude 
the  state  of  aggregation  to  confer  an  intensification,  if 
not  a  qualitative  change,  on  the  biological  activity  of 
a  particle.  In  fact  the  toxicity  of  small  molecular 
weight  toxin  when  quoted  has  been  so  low  as  to 
cause  one  to  suspect  the  probability  of  inadvertent 
contamination  of  the  material  with  active  larger  sized 
toxin.  Recently  Boroff,  Dasgupta,  and  Fleck  (3)  have 
said  contamination  is  the  explanation  for  the  toxicity 
of  the  low  molecular  weight  type  B  material  isolated 
by  Canadian  workers  (5), 

To  assist  in  the  planning  of  future  research  on  the 
question  of  the  ultimate  size  of  the  toxic  particle  of 
botulism,  I  have  prepared  in  table  1  a  list  of  charac- 
teristics that  should  be  studied.  Data  on  these  charac- 
teristics would  tell  us  what  is  the  true  story  with 


Table  1. -Characteristics  to  b«  studied  to  determine  relation  of  small  to  large  molecular  weight  botulinal  toxin 

Step  I.  .Selective  removal  of  hemagglutinin  to  yield  hemagglutinin-frcc  neurotoxin.  Comparison  of  specific  activity  of  hemag- 
glutinin-frce  toxin  and  hemagglutinating  toxin. 

Step  '2.  Choice  between  alternate  possible  structures  of  high  molecular  weight  hcmagglutinin-frce  neurotoxin: 

Alternate  J  Alternate  2 

Aggregate  organization.  Molecule  with  groups  of  nonessential  amino-acid  residues. 
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y  properties: 


a.  Molecular  weight  of  aggregate  is  a  whole  number  multiple 
ofat"- 


b.  Ratio  of  free  amino  or  carboxyl  groups  per  unit  of 
toxicity  (LDso)  independent  of  molecular  size. 

c.  Specific  activity  per  mg.  N  fixed  or  decreased  by  dis- 
aggregation. 

d.  Total  weight  of  large  molecular  weight  toxin  should  be 
recoverable  as  active  low-molccular  weight  toxin. 

c.  Manipulation  of  physical  environment  (pH,  ionic  activ- 
ity, temperature,  etc.)  may  result  in  disassocialion  of  ag- 
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a.  Large  molecular  weight  toxic  particle  is  not  a  whole 
number  multiple  of  a  basic  unit.  Different  fragments  of  low- 
molecular  weight  may  have  different  nonmultiplc  whole  num- 
ber weights. 

b.  Ratio  of  free  amino  or  carboxyl  groups  per  unit  of 
toxicity  may  differ  between  different  molecular  sized  toxin. 


c.  Specific  activity  greater  foi 


ow-rrtolecu 


lar  weight  toxin. 


d.  Only  a  fractional  part  of  the  total  weight  of  large-molec- 
ular weight  toxin  should  be  isolated  as  small-molecular 
weight  toxin. 

e.  More  drastic  manipulations  required  to  free  toxin  mole- 
cule of  amino  acids  not  essential  to  the  property  of  toxicity. 
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respect  to  how  large  molecular  weight  toxin  is  related 
to  smaller  weight  toxin.  The  data  asked  for  would 
tell  us  definitively  if  the  large  hemagglutinin-free  toxic 
molecule  is  an  aggregate  of  toxic  particles  or  alterna- 
tively a  compound  capable  of  retaining  biological 
activity  in  the  face  of  loss  of  substitucnt  amino  acids. 
In  addition,  the  question  of  whether  the  small 
molecular  weight  toxin  is  simply  hemagglutinin-free 
toxin  would  be  setded. 

It  would  greatly  assist  progress  if  in  the  future 
editors  of  journals  would  make  two  inviolate  demands 
of  investigators  before  accepting  papers  for  publica- 
tion on  the  subject  of  molecular  size  and  amino  acid 
composition  of  toxin:  (1)  Clear-cut  quantitatively 
adequate  data  on  specific  activity,  and  (2)  proof  of 
presence  or  absence  of  hcmagglutinating  activity. 

Action  of  the  Toxins 

The  evidence  is  convincing  that  the  basic  mode  of 
poisoning  by  the  botulinal  toxins  is  by  interference 
with  the  release  of  acetylcholine  from  the  synaptic 
fibrils  of  susceptible  nerves.  What  continues  to  excite 
interest  is  the  question  of  sensitivity  by  all  nervous 
tissues  where  acetylcholine  has  been  found  or  is 
presumed  to  be  present.  While  there  is  increasing 
evidence  for  the  presence  of  acetylcholine  in  the 
mammalian  central  nervous  system,  there  are  conflict- 
ing reports  on  the  ability  of  botulinal  toxin  to  poison 
central  nervous  system  activity.  Since  the  role  of 
acetylcholine  in  the  different  subsystems  of  the  nervous 
system  is  not  settled,  it  would  be  useful  to  employ 
botulinal  toxin  as  a  tool  for  learning  whether  or  not 
acetylcholine  acts  as  a  transmitter  in  particular  situa- 
tions. Unfortunately,  lack  of  poisoning  does  not  have 
a  conclusive  meaning.  It  could  be  due  to  lack  of 
penetration  to  a  nerve  ending  rather  than  evidence 
against  cholinergic  activity.  More  insight  and  practi- 
cal suggestions  arc  needed  on  how  to  distinguish  a 
permeability  barrier  as  opposed  to  lack  of  receptivity 
for  botulinal  toxin  by  nervous  tissue. 

Acetylcholine  is  present  in  nerve  tissue  of  both 
invertebrate  and  vertebrate  animals.  Its  role  in  inver- 
tebrate tissue  is  imperfectly  understood.  Most  evidence 
is  against  the  ability  of  botulinal  toxin  to  affect 
invertebrates.  But,  unfortunately,  reported  observa- 
tions are  few  in  number.  Larvae  of  flies  feeding  on  car- 
casses of  birds  and  other  animals  dead  of  botulism  poi- 
soning do  not  seem  to  be  affected.  Birds  eating  such 
larvae  can  come  down  with  botulism  poisoning  (2,  14, 
17),  so  there  is  no  doubt  of  natural  exposure  of  the  lar- 
vae to  the  toxin.  Prof.  C.  M.  Williams  of  Harvard  Uni- 
versity, who  has  injected  type  A  toxin  into  female  pu- 
pal of  the  moth,  Hyalophora  cecropia,  did  not  observe  any 
interference  with  development  into  healthy  adults 
(18).  Meyer  (12)  has  quoted  old  work  claiming  para- 


mecia  to  be  insensitive,  while  daphnia,  copopods, 
snails  and  "rain  worms"  were  said  to  be  sensitive.  At 
the  time  these  observations  were  quoted,  purified 
toxins  were  not  available.  It  would  be  worthwhile  to 
employ  purified  tosins  in  comprehensise  future  studies 
of  representative  species  from  all  of  the  phyla  of  inver- 
tebrates. 

Based  on  my  own  experience  I  am  skeptical  of  the 
ability  of  the  toxin  to  affect  invertebrates.  In  collab- 
oration with  Prof.  Thomas  Symthc,  Jr.,  of  the 
Pennsylvania  State  University,  when  crystalline  type 
A  toxin  was  injected  into  adults  of  the  black  blow  fly 
(Plmnria  rfgina),  males  of  the  American  cockroach 
(Pert plant ta  americana),  the  large  milkweed  beetle 
(Oncopeltus fascialus),  and  yellow  mealworms  (Tenebrio 
molitor),  neither  death  nor  overt  signs  of  illness  de- 
veloped. When  with  the  collaboration  of  Prof.  Ernest 
Bueding  of  Th<-  Johns  Hopkins  University,  crystalline 
type  A  toxin  was  placed  in  the  aqueous  environment 
of  the  following  species  no  changes  in  activity  or 
deaths  were  noted:  the  snail  Australorbus  glabratus,  the 
adult  stage  of  the  rat  worm  parasite  Hymetioltpis 
diminuta,  and  the  miricidia,  cercariae  and  adult  stages 
of  Schistosoma  mamoni.  The  latter  species  has  been 
shown  to  possess  an  inhibitory  cholinergic  system  (/). 

Does  the  insensitivity  to  botulinal  toxin  mean  that 
acetylcholine  does  not  act  as  a  nerve  system  transmit- 
ter in  the  invertebrates?  The  lack  of  effect  could  be 
due  to  an  efficient  detoxification  mechanism.  This  is 
doubtful  since  abdominal  fluid  taken  from  symptom- 
less cockroaches  24  hours  after  they  had  been  injected 
with  crystalline  type  A  toxin  was  able  to  kill  adult 
white  mice.  The  mice  succumbed  with  typical  signs 
of  botulinal  intoxication.  Another  possibility  would 
be  the  inability  of  the  toxin  to  penetrate  to  sensitive 
nerve  sites.  Professor  Smythe  has  measured  the  end- 
plate  potentials  of  the  mctathoracic  flexor  tibiae  of 
the  American  cockroach  exposed  'IVi  hours  to  crys- 
talline toxin,  and  found  only  normal  activity.  The 
same  lack  of  effect  was  noted  for  toxin  directly  bathing 
giant  interncurons  of  the  roach.  Nor  was  any  effect 
observed  on  the  electrical  potentials  of  the  deshcathed 
mctathoracic  ganglion  of  the  cockroach.  Mrs.  Mary 
H.  Grccr,  a  student  of  Professor  Smythe,  has  found 
no  effect  on  the  appearance  or  frequency  of  cither 
excitatory  or  miniature  cnd-platc  potentials  in  cock- 
roach muscle  during  2-hour  exposures.  Thus  what 
little  work  has  been  done  points  to  an  intrinsic  insen- 
sitivity of  invertebrate  nervous  tissue  to  botulinal 
toxin. 

Aside  from  the  use  of  antitoxin,  rational  specific 
therapy  of  botulism  depends  on  knowledge  of  the 
events  preventing  release  of  acetylcholine  from  nerve- 
endings  by  toxin.  This  knowledge,  beyond  us  today, 
is  a  long-term  goal  we  can  hope  to  acquire  difficult 
step  by  step  as  ncurophysiologists  gradually  unravel 
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the  molecular  events  accompanying  nervous  activity. 
If  we  are  impatient,  is  there  any  other  approach 
worth  taking  while  we  wait  for  the  revelations  of 
molecular  biology?  What  can  be  done  is  to  suggest 
hypotheses  for  experimental  therapeutic  tests  based 
on  what  we  already  know.  Hopefully,  the  more  people 
who  will  imaginatively  think  about  what  is  known 
the  greater  the  chance  someone  will  stumble  on  some 
useful  therapeutic  measure.  History  provides  many 
example  of  usefully  ameliorative  or  curative  therapy 
derived  in  the  absence  of  knowledge  of  ultimate  cause. 

Any  hypothesis  for  countering  botulinal  poisoning 
should  consider  the  following  observations.  Once 
nerve  endings  have  been  exposed  the  toxin  is  not 
easily  neutralized  by  antitoxin.  Recovery  following 
poisoning  is  extraordinarily  slow.  In  mice  nerve- 
muscle  activity  has  been  found  defective  for  more 
than  9  months.  The  histological  picture  of  the 
poisoned  neuromuscular  junction  is  remarkable  in  the 
normality  of  its  appearance.  Most  unexpectedly  the 
growth  of  nerve  fibers  following  poisoning  is  not 
analogous  to  regeneration  after  trauma,  and  appears 
to  be  an  overgrowth  rather  than  replacement  of  fibrils 

What  can  be  made  of  such  facts?  My  own  working 
hypothesis  is  that  botulinal  toxin  remains  tighdy 
bound  at  the  site  of  poisoning  for  a  long  period  of 
time,  and  by  its  presence  blocks  by  some  physical 
means  the  release  of  acetylcholine.  Possibly  the  large 
size  of  botulinal  toxin  is  useful  both  in  providing  a 
large  series  of  bonds  for  holding  tightly  to  receptor 
substance,  and  for  physically  covering  and  thus  plug- 
ging escape  routes  for  acetylcholine.  The  persistence 
of  tighdy  bound  toxin  would  account  for  inactivity  of 
antitoxin,  and  the  long-term  paralysis.  The  peculiar 
histological  features  of  repair  could  be  due  to  need 
for  generation  of  new  fibrils  since  the  presence  of 
toxin  at  blockaded  fibrils  would  not  necessarily  pro- 
vide a  stimulus  for  regeneradon  of  the  immediate  site 
of  poisoning  if  the  toxin  did  not  create  a  chemical 
lesion.  The  observaUon  of  a  high-tempcrature  coeffi- 
cient for  botulinal  poisoning  does  not  necessarily  argue 
against  this  concept  since  there  are  adsorptive  and 
other  surface  phenomena  which  do  have  high-tem- 
perature coefficients.  The  hypothesis  does  require  the 
assumption  that  dghdy  bound  foreign  protein  at  the 
neuromuscular  or  ganglionic  synapdc  junction  is 
metabolized  or  otherwise  destroyed  at  a  slow  rate. 
Therapeutically,  the  hypothesis  suggests  testing  of 
physical  means  for  release  of  bound  toxin  and  chemi- 
cal reactions  for  destroying  the  toxin. 

A  virtue  of  the  hypothesis  is  that  it  reinforces  and 
gives  a  therapeutic  emphasis  to  the  desirability  for 
the  invention  of  techniques  for  pinpointing  and 
marking  the  presence  of  toxin  at  nerve  endings  by 
means  of  some  kind  of  tag.  If  this  tagging  can  be 


accomplished  and  the  hypothesis  is  correct  then  the 
toxin  should  be  found  to  be  present  at  poisoned  nerve 
endings  long  after  the  initial  exposure.  To  this  point 
in  the  life  of  toxin  at  nerve  endings  specific  therapy 
could  aim  to  remove  or  destroy  toxin.  Beyond  this 
time,  therapy  would  aim  at  the  repair  of  whatever 
damage  remained  after  the  toxin  disappeared.  The 
concept  provides  for  a  wider  variety  of  therapeutic 
ideas  for  testing  than  have  been  offered  in  the  past. 

An  objection  to  the  hypothesis  could  be  that  it 
cannot  explain  the  extreme  potency  of  the  toxin. 
This  remains  to  be  seen.  The  number  of  release  points 
for  acetylcholine  for  any  one  nerve  must  be  finite  as 
is  the  number  of  malfunctioning  nerves  needed  to  kill 
an  animal.  The  multiple  of  these  numbers  might  be 
the  number  of  molecules  in  a  lethal  dose  of  toxin. 
What  appears  at  first  glance  to  be  an  objection  to  the 
hypothesis  becomes  an  incentive  to  develop  some 
basic  quantitative  information  on  the  number  of  sites 
of  acetylcholine  release  of  nerves.  Such  knowledge 
would  either  make  the  hypothesis  more  plausible  or 
reinforce  thinking  of  the  toxin  as  a  harmful  enzyme. 
To  date  no  proofs  for  the  enzymatic  nature  of  botu- 
linal toxins  exist. 
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Summary 

Enrichment  media  for  Clostridium  bohdinum  generally 
consist  of  infusions  of  either  cooked  meat  or  liver. 
Some  are  supplemented  with  peptone  and  glucose 
and  others  may  contain  minced  meat  particles.  For 
the  cultivation  of  specific  types  of  C.  botulinum,  special 
media  have  been  employed.  A  tabulation  of  many  of 
these  is  given.  Conditions  for  maximum  toxin  pro- 
duction are  given  and  advantages  and  disadvantages 
of  trypsinization  pointed  out.  The  usual  method  of 
identification  is  the  mouse  test  by  either  passive 
immunization  or  in  vitro  neutralization.  Goldfish  and 
guinea  pigs  also  have  been  used  experimentally. 
Classification  serologically,  by  agglutination,  on  the 
basis  of  flagellar,  somatic,  and  spore  antigens  shows 
promise  as  an  aid  to  taxonomy  and  gives  evidence  of 
many  nontoxigenic  variants.  Reports  of  the  use  of 
fluorescent  antibody  give  conflicting  results.  Thus  far, 
our  FA  work,  using  somatic  antigens,  gives  results 
similar  to  those  obtained  by  agglutination.  It  is  possi- 
ble to  detect  toxin  and  type  it  by  immunodiffusion 
but  this  procedure  is  less  sensitive  than  the  mouse 
test.  Discontinuous  pH  electrophoresis  has  been  used 
to  separate  C.  botulinum  proteins,  including  toxin,  from 
foods.  Elimination  of  nonspore-forming  contaminants 
from  enrichment  cultures  by  heat,  as  is  usual,  is  not 
satisfactory  for  type  E  but  has  been  successful  with 
alcohol.  When  this  is  followed  by  streaking  on  suitable 
plating  media,  typical  colonies  may  be  selected.  The 
use  of  trypsin  in  enrichment  cultures  to  destroy  a 
bacteriocin  produced  by  certain  nontoxigenic  variants 
of  type  E  and  certain  other  problems  arising  out  of 
the  procedures  presented  above  are  discussed. 

Introduction 

Methods  of  detection,  identification,  and  isolation 
are  basic  in  establishing  the  role  of  Clostridium  botu- 
linum in  an  outbreak  of  botulism  or  in  determining  its 
distribution  in  nature.  This  report  will  briefly  review 
methods  and  media  for  enrichment  and  toxin  produc- 
tion of  the  different  types  of  C.  botulinum;  methods  for 
the  identification  of  both  the  organism  and  its  toxin, 
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including  the  experimental  techniques  of  fluorescent 
antibody  and  immunodiffusion;  mediods  and  media 
for  the  isolation  of  the  organism  from  enrichment 
cultures  and  food;  and  finally,  some  of  the  problems 
associated  with  the  detection  of  C.  botulinum  in  enrich- 
ment cultures,  especially  this  of  environmental  mate- 
rials. 

Enrichment 

There  are  many  enrichment  media  used  for  the 
cultivation  of  the  different  types  of  C.  botulinum.  Van 
Ermengcn's  original  observation  that  C.  botulinum 
grew  and  produced  toxin  in  a  double-strength  meat 
infusion  broth  supplemented  with  peptone,  sodium 
chloride,  and  glucose  has  given  rise  to  a  multiplicity 
of  meat-infusion  media  for  this  purpose,  and  generally 
the  most  common  enrichment  media  for  all  types  of 
C.  botulinum  arc  infusions  of  either  cooked  meat  or 
liver.  Dubovsky  and  Meyer  (JO),  in  early  work, 
utilized  a  buffered  beef  peptic  digest  veal  infusion 
broth.  Some  of  those  most  frequently  used  by  other 
investigators  include  Robertson's  cooked  meat  me- 
dium, Dolman's  (8)  beef  infusion  medium  supple- 
mented with  peptone  and  glucose,  and  the 
modification  by  Eklund  et  al.  (J5)  of  Dolman's  me- 
dium. Johannsen  (22),  on  the  other  hand,  recommends 
adding  minced  meat  particles  to  an  infusion  of  cardiac 
muscle. 

In  addition  to  media  used  for  the  general  cultivation 
of  all  types  of  C.  botulinum,  specific  media  have  been 
utilized  by  different  investigators  for  the  cultivation 
and  toxin  production  of  specific  types  of  C.  botulinum. 
Table  1  shows  the  various  types  of  media  that  have 
been  employed. 

This  tabulation  is  intended  to  be  merely  representa- 
tive and  is  far  from  complete.  Although  not  shown  in 
the  tables,  most  of  these  media  contain  one  or  more 
buffering  components  and  some  means  of  maintaining 
anaerobic  conditions  such  as  sodium  thioglycollate, 
cysteine  hydrochloride,  or  semisolid  agar. 

The  usual  temperature  for  maximum  toxin  pro- 
duction and  enrichment  of  proteolytic  types  A,  B, 
and  F,  types  Ca  and  Q9,  and  type  D  is  35°  to  37°  C. 
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Table  1. -Media  employed  for  enrichment  and  toxin  production  of  Clostridium  botuiinum 


C.  botuiinum  type 


Investigator 


Mrdia 


Type  A  (proteolytic). 


; (21)  

Rice  et  al.  (34)  

Schmidt  and  Nank  (35). 
Duffel  al.{/2>  


Bonvcntre  and  Kcmpe  (/). 


..Proteose  peptone  and  yeast  extract. 

..Casein  digest  medium. 

.  .Trypticase  and  peptone. 

..Pancreatic  digest  of  casein,  autolyzed  yeast 

and  glucose. 
..Tryptic  digest  of  casein,  yeast  extract  and 


Type  B  (proteolytic).   


Ohye  and  Scott  (31). 

Day  (thesis)  

.Rice  et  al.  (34)  

Duffetal.  (13)  


glucose. 
.  Neopepto 


Bonvcntre  and 


</)- 


Type  B  (non proteolytic). 


Day  (thesis)  

Ohye  and  Scott  (31). 
.Eklund  et  al.  </*)__. 


Type  C  (nonproteolytic)  Cardella  et  al.  (3). 


Type  D   

Type  E  (nonproteolytic). 


Schmidt  (personal  communication). 
.Cardella  et  al.  (4)  - 


vleopeptone,  yeast  extract  and  glucose. 
.Trypticase  and  thiamine  hydrochloride. 
.  .Casein  digest  medium. 

-Trypticase,  yeast  extract,  cysteine  hydrochlo- 
ride, and  glucose. 

..Tryptic  digest  of  casein,  yeast  extract,  and 
glucose. 

.  .Trypticase  and  thiamine  hydrochloride. 

..Neopeptonc,  yeast  extract,  and  glucose. 

..Dolman's  glucose,  peptone  beef  infusion  me- 
dium (GPBt)  modified  with  the  addition 
of  trypticase,  starch,  and  yeast  extract 
(GPTB1). 

..Proteose  peptone,  N-Z  amine  type  B,  yeast 

extract,  and  glucose. 
.  Trypticase,  peptone,  and  glucose. 
..Corn  steep  liquor,  glycerol,  and  i 


-Schmidt  et  al.  (36)  

Lechowich  (personal  communication). 

W  —   


Johannscn  (22). 


Bott  et  al.  (2)  

Eklund  (personal  communication ) . 


Type  F  (proteolytic). 


.Miller  and  Scheibel  (29). 

W  


Type  F  (nonproteolytic). 


Walls  (personal  communication) 
-Eklund  et  al.  (15)  


Craig  and  Pilchcr  (5). 


.  .  Trypticase,  peptone,  and  glucose. 
.  .Trypticase,  peptone,  and  sucrose. 
..Glucose,  peptone  beef  infusion  medium 
(GPBI). 

. .  Infusion  of  cardiac  muscle  with  added  minced 
meat  particles. 

. .  Difco  brain  heart  infusion. 

..Dolman's  glucose,  peptone  beef  infusion  me- 
dium (GPBI)  modified  with  the  addition 
of  trypticase,  starch  and  yeast  extract 
(GPTBI). 
.Casein,  yeast  extract,  and  glucose. 

..Glucose,  peptone  beef  infusion  medium 
(GPBI). 

-Proteose  peptone,  N-Z  amine  type  B,  yeast 
extract,  and  glucose. 

..Dolman's  glucose,  peptone  beef  infusion  me- 
dium (GPBI)  modified  with  the  addition  of 
trypticase,  starch,  and  veast  extract 
(GPTBI). 

.-Trypticase,  peptone,  and  glucose. 


for  5  to  7  days.  For  maximum  toxin  production  by 
the  nonproteolytic  types  B,  E,  and  F,  25°  to  28°  C. 
for  3  to  5  days  is  generally  recommended. 

Many  investigators  trypsinize  enrichment  cultures 
for  type  E  (77)  and  the  nonproteolytic  types  B  and  F 
after  growth  as  a  means  of  increasing  toxin  titers 
prior  to  animal  testing.  Since  it  has  been  claimed 
that  in  some  instances  trypsinization  after  growth  will 
decrease  the  amount  of  toxin  present  in  the  cultures, 
we  have,  in  our  laboratories,  routinely  tested  them 
both  before  and  after  trypsinization.  This  procedure 
has  been  supplemented  by  one  using  a  medium  con- 
taining trypsin  for  the  detection  of  C.  botuiinum  type 
E  in  environmental  samples.  This  will  be  discussed 
later. 


Identification 

The  generally  accepted  method  of  detecting  the 
presence  of  toxin  in  food  extracts  or  enrichment  cul- 
tures is  the  mouse  test.  For  routine  analysis  mice  are 
injected  intraperitoneally  with  known  quantities  of 
food  extracts  or  culture  filtrates  and  tested  for  specific 
toxins  by  passive  immunization  with  monovalent  anti- 
serum. Another  method  commonly  employed  is 
neutralization  of  the  toxin  with  monovalent  antiserum 
in  the  test  tube  prior  to  injection  into  the  mouse. 

Goldfish  have  been  used  in  place  of  mice  by  Crislcy 
(6)  and  Graikoski  (personal  communication)  and 
their  sensitivity  to  botuiinum  toxin  seems  to  be  about 
the  same.  Although  goldfish  arc  not  as  expensive  as 
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mice,  not  enough  work  has  been  done  to  firmly 
establish  the  relative  sensitivities  of  the  two  animals. 
In  addition,  the  complications  involved  in  utilizing 
goldfish,  such  as  the  need  for  tanks  or  aquariums  and 
the  means  of  giving  the  toxin,  may  offset  any  advan- 
tage that  they  might  otherwise  have. 

The  guinea  pig  also  has  been  utilized  for  identifica- 
tion of  botulinum  toxins,  but  this  animal  is  not  as 
sensitive  as  the  mouse  and  the  cost  limits  its  use  to 
specialized  studies. 

Many  workers  have  tried  to  classify  either  the  veg- 
etative cells  or  the  spores  of  C.  hotutinum  without 
regard  to  toxin  production,  on  the  basis  of  serological 
reactions.  Investigations  dealing  with  the  serological 
classification  of  C.  botulinum  with  special  emphasis  on 
type  E  have  been  limited.  Gunnison  et  al.  (18)  found 
two  cultures  of  type  E  from  Russia  to  be  identical  by 
agglutination  and  agglutinin  absorption  tests.  Hazen 
(19)  found  strains  from  two  different  sources  to  be 
antigenically  dissimilar.  Nakatnura  et  al.  (30)  classified 
strains  isolated  in  the  vicinity  of  Hokkaido,  Japan, 
into  five  serological  groups.  Ono  (32,  33),  studying 
strains  from  the  same  source,  found  the  heat-labile 
antigens  to  have  a  high  degree  of  group  specificity, 
whereas  the  heat-stable  antigens  were  common  to  all. 

Investigators  in  our  laboratories  (25)  used  C.  botu- 
linum type  E  antigens,  prepared  from  either  formalin- 
treated  or  heat-treated  vegetative  cells  of  18-hour 
broth  cultures,  to  produce  antisera.  Whole  cell  (H-O) 
antigens  were  prepared  by  treatment  with  0.4  percent 
formalin  and  heat  stable  (somatic  or  O)  antigens,  by 
heating  at  100°  C.  for  I  hour.  New  Zealand  white 
rabbits  were  given  six  intravenous  injections  of  1 .0 
ml.  of  antigen  at  3-  to  4-day  intervals  followed  by  a 
1.0-ml.  booster  a  week  later  and  bleeding  in  10  days. 

Flagellar  agglutination  tests  were  performed  in  13 
x  100  mm.  tubes,  using  0.5  ml.  quantities  each  of 
antigen  and  diluted  antiserum  and  incubating  in  a 
50°  C.  watcrbath  for  2  hours.  Somatic  agglutination 
tests  used  0. 1  ml.  quantities  each  of  antigen  and  serum 
but  at  the  end  of  the  incubation  time  0.5  ml.  of  saline 
was  added  to  facilitate  reading. 

Whole-cell  antisera  were  prepared  against  eight 
toxigenic  type  E  strains  and  three  nontoxigenic  strains 
whose  morphology  and  physiology,  except  for  the 
ability  to  produce  boticin  E  in  two  and  lack  of  toxin 
production  in  all,  were  indistinguishable  from  type 
E.  Somatic  antisera  were  prepared  against  seven  tox- 
igenic type  E  strains  and  two  nontoxigenic  boticin  E 
producing  strains. 

These  sera  were  tested  against  32  toxigenic  strains 
and  six  nontoxigenic  strains  of  which  two  were  boticin 
E  producers  and  two  differed  in  their  fermentation 
patterns  and  hemolytic  ability  but  closely  resembled 
type  E  in  colonial  morphology.  All  antisera  had 
high-antibody  titers  against  the  homologous  antigen. 


By  flagellar  agglutination,  a  few  small  groups  of 
strains  were  found  to  be  agglutinated  by  the  same 
H-O  scrum,  but  otherwise  agglutination  was  generally 
confined  to  the  homologous  strain  and  the  few  addi- 
tional cross  agglutinations  which  occurred  were  mini- 
mal. These  groupings  were  confirmed  by  agglutinin 
absorption  tests  (table  2).  The  whole-cell  antisera 
also  agglutinated  somatic  antigens  of  all  strains  of 
type  E  and  nontoxigenic  organisms,  but  absorption 
with  these  antigens  left  the  flagellar  component  un- 
affected. 

Antisera  prepared  against  antigens  heated  at  100° 
C.  for  I  hour  agglutinated  all  somatic  antigens  of 
type  E  organisms  and  similar  nontoxigenic  strains  to 
equal  titer.  Absorption  tests  showed  the  antigens  of 
the  toxigenic  and  nontoxigenic  strains  to  be  identical. 
Neither  the  somatic  nor  the  whole-cell  antisera 
agglutinated  other  types  of  C.  botulinum  or  other  spe- 
cies of  Clostridium  tested. 

One  toxigenic  strain  (066B)  regularly  gave  rise  to 
both  toxigenic  and  nontoxigenic  progeny.  Toxigenic 
and  nontoxigenic  strains  derived  from  the  same  colony 
of  this  strain  were  found  to  have  identical  flagellar 
and  somatic  antigens.  Other  nontoxigenic  strains 
differed  from  each  other  and  from  type  E  strains  in 
their  flagellar  antigens  but  shared  common  somatic 
antigens  with  all.  Thus,  except  for  lack  of  toxigenicity 
and  the  ability  of  some  to  produce  bacteriocins,  the 
nontoxigenic  strains  differed  no  more  from  type  than 
type  E  strains  differed  among  themselves. 

Because  of  the  diversity  of  the  flagellar  antigens 
and  the  broad  spectrum  of  the  somatic  antigens, 
neither  could  be  used  to  distinguish  type  E  from 
nontoxigenic  strains  having  similar  cultural  charac- 
teristics. For  this  reason  an  investigation  of  the  spore 
antigens  of  C.  botulinum  (37)  was  undertaken  in  our 
laboratory.  Another  objective  was  to  ascertain 
whether  spore  antigens  might  be  useful  in  assessing 
the  relationship  of  type  E  to  other  types  of  C.  botulinum 
and  other  Clostridium  species. 

Strains  which,  though  differing  from  C.  botulinum 
type  E  in  several  cultural  characteristics,  showed 
closer  overall  relationship  to  type  E  than  to  other 
types  of  C.  botulinum  and  other  Clostridium  species  were 
grouped  and  tentatively  designated  as  nontoxigenic 
atypical  strains.  They  were  included  in  this  investiga- 
tion because  of  their  persistent  presence  wherever  type 
E  is  found,  because  some  of  them  shared  somatic 
antigens  with  toxigenic  type  E  and  because  some 
were  claimed  to  be  nontoxigenic  variants  of  C.  botu- 
linum type  E. 

Spore  antigens  free  of  vegetative  cell  components 
were  produced  by  a  combination  of  techniques.  Dur- 
ing the  first  phase  of  this  process  vegetative  cell  com- 
ponents, in  a  suspension  of  vegetative  cells  and  spores, 
were  digested  with  100  ng./m\.  of  trypsin  plus  200 
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Table  2.— Summary  of  results  of  agglutination  tests  with  vegetative  cells  and  spores  of  C. 

nontoxigenic  variants,  other  types  of  C.  botulinum  and  other  Clostridia 


botulinum  type  E, 


Antiserum 


Antinrii 


Nontoxigenic  variants 
Type  E       Boticin  +  Boticin  — 


Type  A         Type  B 


Type  E  

Boticin  +  - 
Nontoxigenic 


Type  A.  

Type  B  <  proteolytic ). 


TypcC. 


Type  F  (proteolytic).. 

( Non  proteolytic ) . 
Other  Clostridia  


.  Flagellar  

Somatic   

Spore   

.Flagellar  — 

Somatic  _  + 

Spore  Hh 

.  Flagellar  +,  - 

Somatic    + 

Spore   -j- 

.Flagellar..   

Somatic  — 

Spore  — 

.Flagellar   — 

Somatic  — 

Spore  -.  — 

.Flagellar   --  - 

Somatic  — 

Spore  — 

.Flagellar  - 

Somatic   — 

.Spore   — 

-Flagellar  - 

Somatic  — 

Spore  — 


+ 
+ 

+ 
+ 

+ 
+ 


+ 
+ 
+. 
+ 
r 


/ig./ml.  of  lysozymc  augmented  by  I -minute  sonica- 
tions  at  hourly  intervals  during  a  6-  to  8-hour  incuba- 
tion period  at  37°  C.  In  the  second  phase  the  spores 
were  separated  from  the  debris  by  extraction  in  a 
two-phase  system  using  polyethylene  glycol  (PEG) 
followed  by  as  many  washings  as  necessary  to  remove 
the  PEG.  The  pure  spore  suspensions  were  diluted  to 
contain  I045  to  107  spores  per  milliliter,  attenuated  in 
0.5  percent  formalin  and  used  to  immunize  New 
Zealand  white  rabbits  as  described  above  for  the 
vegetative  antigens. 

Spore  antisera  were  produced  for  seven  toxigenic 
type  E  strains,  four  nontoxigenic  variants— both  pro- 
ducers and  nonproducers  of  boticin  E— one  atypical 
strain  (S9),  one  type  A  (62A)  strain,  one  type  B 
(169B)  strain  and  a  strain  of  C.  bifermentans.  These 
antisera  were  tested  by  the  tube  agglutination  pro- 
cedure against  spore  antigens  of  18  toxigenic  type  E 
strains,  11  nontoxigenic  variants,  seven  atypical 
strains,  one  strain  each  of  types  A,  B,  C,  and  F,  and 
one  strain  each  of  C.  bijermentans,  C.  sordelli,  C.  per- 
fringens  and  C.  sporogenes. 

Agglutination  tests  showed  that  spore  antigens  were 
distinct  and  apart  from  those  of  the  vegetative  cell, 
since  neither  flagellar  nor  somatic  antigens  nor  the 
debris  of  vegetative  cells  was  agglutinated  by  these 
antisera.  The  nontoxigenic  strains  whose  cultural 
characteristics  are  identical  with  type  E  were  found 
to  have  identical  spore  antigens  with  the  toxigenic 


strains  and,  therefore,  appear  to  be  true  variants  of 
type  E. 

The  nontoxigenic  atypical  group  was  found,  by 
agglutination  and  agglutinin  absorption  tests,  to 
include  strains  sharing  antigens  with  toxigenic  type  E 
and  its  nontoxigenic  variants  to  varying  degrees,  and 
strains  which  were  not  agglutinated  at  all.  Among 
those  which  failed  to  agglutinate  was  a  strain  origi- 
nally described  as  a  TP  variant  of  toxigenic  type  E 
and  later  identified  by  Holdeman  (personal  com- 
munication) as  C.  bifermentans.  This  was  confirmed  by 
agglutination  and  agglutinin  absorption  tests  which 
showed  it  to  share  common  spore  antigens  with  C. 
bifermentans. 

Spore  antisera  of  type  E  strains  and  nontoxigenic 
variants  failed  to  agglutinate  the  spores  of  other  types 
of  C.  botulinum  or  other  Clostridium  species  investigated. 
Likewise,  antisera  produced  against  spores  of  other 
types  of  C.  botulinum  and  other  Clostridium  species  did 
not  agglutinate  the  spores  of  type  E  or  its  nontoxi- 
genic variants;  neither  did  they  share  common  spore 
antigens  with  each  other. 

The  use  of  fluorescent  antibody  techniques  for 
studying  C.  botulinum  has  given  a  variety  of  results, 
notwithstanding  the  popularity  in  recent  years  of  such 
procedures  for  locating  antigens,  tracing  proteins  and 
identifying  bacteria.  Theoretically,  fluorescent  anti- 
body techniques  offer  a  number  of  advantages  over 
cultural  methods  of  identifying  unknown  bacteria. 
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They  are  rapid,  are  capable  of  detecting  small 
numbers  of  the  suspect  organism,  and  can  single  it 
out  among  large  numbers  of  other  contaminants. 

By  the  use  of  FA,  Walker  and  Batty  (40)  grouped 
proteolytic  types  A,  B,  and  F  with  conjugated  type  A 
antiserum,  types  C  and  D  with  conjugated  antiscra 
to  each  other,  and  found  type  E  to  be  distinct  from 
the  others.  Later  they  (41)  found  that  three  nontoxi- 
genic  strains  stained  brilliantly  with  type  E  conjugate 
whereas  three  OS  variants  were  all  negative.  Spore 
antisera  did  not  stain  vegetative  cells  and  type  E 
spore  antiserum  was  specific  for  type  E,  but  that  of 
type  A  stained  spores  of  both  A  and  B  and  reacted 
slighdy  with  those  of  type  E.  Georgala  and  Boothroyd 
(17)  used  pasteurized  vegetative-cell  antigens  for 
immunization  and  agar  or  broth  cultures  for  smears. 
They  were  unable  to  get  all  type  E  strains  to  fluoresce 
with  the  same  anti-E  conjugate.  Conjugated  spore 
antibody,  made  specific  for  spores  by  adsorbing  with 
vegetative  cells,  stained  41  out  of  51  strains,  indicating 
a  broader  spectrum  for  the  spore  antigen.  Evancho  et 
al.  (76")  also  showed  spore  antigens  to  be  distinct  from 
vegetative  antigens,  but  their  spore  antisera  produced 
fluorescence  with  all  six  types. 

Ward  et  al.  (42)  surveyed  cstuarine  waters  for  the 
presence  of  C.  botulinum,  using  FA  in  conjunction  with 
culture  methods.  They  found  low  fluorescence  and 
poor  correlation  between  fluorescence  and  toxicity. 
Midura  et  al.  (27)  inoculated  commercial  food  prod- 
ucts with  type  E  spores  and  examined  them  by  the 
direct  FA  method,  using  antisera  to  formalin-killed 
cells.  Later  they  (28)  used  the  same  method  to  folluw 
the  growth  of  type  E  in  artificially  contaminated 
turkey  rolls. 


Our  work  is  still  in  an  early  stage  of  development. 
The  indirect  method  was  chosen  because  a  large 
number  of  antisera  were  already  on  hand  and,  since 
they  were  all  prepared  in  rabbits,  one  antirabbit 
conjugate  would  do  for  all.  Antigens  for  smears  were 
prepared  from  overnight  broth  cultures  heated  at  100° 
C.  for  an  hour  from  which  the  cells  were  centrifuged 
and  resuspended  in  an  equal  volume  of  distilled  water 
containing  0.5  percent  formalin  as  a  preservative. 
The  sera  were  prepared  by  immunizing  rabbits  with 
suspensions  of  cells  which  had  been  similarly  heat 
treated.  These  arc  what  were  referred  to  as  somatic 
antigens  and  antiscra  in  our  agglutination  work. 
While  it  is  still  too  early  to  draw  conclusions,  four 
type  E  antisera  and  antisera  produced  against  two 
nontoxigenic  variants,  when  tested  against  a  battery 
of  antigens,  have  produced  brilliant  fluorescence  with 
all  30  type-E  strains  used  (figs.  I  and  2)  with  all  1 1 
nontoxigenic  variants  (fig.  3).  They  also  produced 
brilliant  fluorescence  with  three  of  the  "atypical" 
strains  but  not  with  four  others  which  are  OS  or  TP 
variants.  A  nonproteolytic  strain  of  type  F  (strain  202 
F)  also  fluoresced  brilliantly  with  these  sera  (fig.  4) 
but  a  proteolytic  one  (Langcland  strain)  did  not  (fig. 
5).  The  somatic  antigen  of  the  nonproteolytic  strain 
was  also  agglutinated  by  these  sera,  whereas  that  of 
the  proteolytic  strain  was  not.  Very  weak  fluorescence 
or  none  at  all  was  produced  with  the  proteolytic 
types  A  (fig.  6)  and  B  (fig.  7)  and  with  type  C.  Five 
commonly  encountered  additional  Clostridia  were  also 
negative  (fig.  8)  (C.  sporogenes).  Thus  the  results  so  far 
seem  to  be  analogous  to  those  obtained  by  somatic 
agglutination  tests. 

Immunodiffusion  by  the  Ouchtcrlony  gel  diffusion 


Figure  1.— Toxigenic  type  E  strain  5192  stained  with  homologous  antiserum. 
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Figure  2.— Toxigenic  type  E  strain  4203  stained  with  antiserum  to  type  E  strain  5192. 


Figure  3.— Nontoxigenic  variant  strain  S5  stained  with  antiserum  to  toxigenic  type  E  strain  5192. 


plate  method  for  the  study  of  C.  botulinum  toxins  was 
reported  by  Sugiyama  et  al.  (38).  All  six  type-E  strains 
tested  gave  a  single  precipitin  line  when  1  to  2  IU  of 
antitoxin  were  used.  Trypsinization  of  the  toxin 
showed  no  increase  in  the  maximum  dilution  produc- 
ing a  line  but  there  was  about  a  200-fold  increase  in 
the  minimum  number  of  LI).™  which  this  represented. 
Vermilyea  et  al.  (39)  used  a  slide  modification  of  the 
Ouchterlony  method  and  found  that  toxin  of  types 
A,  B,  and  E  all  produced  visible  lines  of  precipitation 


but  the  mouse  test  was  about  10,000  times  as  sensitive. 

Anderson  (personal  communication)  has  developed 
a  technique  for  concentrating  C.  botulinum  proteins, 
including  toxin,  from  food  samples.  Discontinuous  pH 
electrophoresis  on  a  modified  polyacrylamidc  gel 
column,  incorporating  a  liquid  buffer  trapped  be- 
tween two  layers  of  small  pore  gel,  is  utilized  to 
remove  proteins  from  the  sample  and  concentrate 
them  in  the  trapped  buffer.  Complete  medium  in 
which  C.  botulinum  had  been  grown  was  subjected  to 
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Figure  4.— Nonproteolytic  type  F  strain  202F  stained  with  antiserum  to  type  E  strain  5192. 


Figure  5.— Proteolytic  type  F,  Langeland  strain,  treated  with  antiserum  to  type  E  strain  5192. 


electrophoresis  on  a  vertical  flat  polyacrylaniide  gel 
electrophoresis  unit  resulting  in  separation  of  the 
hemagglutinin  and  toxin  of  both  types  A  and  B  into 
distinct  fractions.  The  hemagglutinin  protein  bands 
of  types  A  and  B  were  found  to  cross  react  with  the 
National  Communicable  Disease  Center  antitoxins 
for  types  A  and  B  in  double  diffusion  slide  precipitin 
tests  whereas  the  toxin  bands  did  not. 

In  addition,  analyzing  the  enzyme  patterns  of  the 
strains  revealed  that  most  of  these  enzyme  systems 


seem  to  be  useful  for  distinguishing  the  types  of  C. 
botulinum  and  the  nontoxigenic  strains. 

Isolation 

Non-spore-forming  contaminants  are  usually  elimi- 
nated from  enrichment  cultures  to  improve  the 
chances  of  isolating  C.  botulinum  by  heating  at  80°  C. 
for  30  minutes.  This,  however,  is  of  little  value  for 
type  E  and  nonproteolytic  types  B  and  F,  since  their 
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Figure  6.— Type  A  strain  62A  treated  with  antiserum  to  type  E  strain  5192. 


Figure  7.— Proteolytic  type  B  strain  169B  treated  with  antiserum  to  type  E  strain  5192. 


spores  arc  known  to  be  almost  as  heat  sensitive  as  the 
vegetative  cells  of  many  of  the  common  contaminants. 
For  this  purpose,  enrichment  cultures  have  been 
treated  with  alcohol  (23)  successfully  when  a  variety 
of  environmental  samples  served  as  the  inoculum. 

After  treatment,  the  cultures  are  streaked  on  plating 
media  for  the  selection  of  typical  colonies.  A  variety 
of  media  may  be  used  for  this  purpose.  Some  of  those 
frequently  employed  are  blood  agar,  liver  veal  egg 
agar,  brain  heart  infusion  agar,  a  variety  of  bee 


infusion  agars,  and  a  modification  of  an  egg  yolk 
medium  orginally  proposed  by  McClung  and  Toabe 
(26).  Whcaton  and  Pratt  (43)  list  a  variety  of  addi- 
tional media  which  also  could  be  utilized  for  the 
isolation  of  C.  botulinum.  On  agar  media  containing 
egg  yolk,  the  production  of  opalescence  in  the  medium 
and  a  layer  having  an  iridescent  appearance  adjacent 
to  and  covering  the  colonics  of  C.  botulinum  has  been 
used  as  an  aid  in  the  selection  of  this  organism.  Hobbs 
et  al.  (20)  caution,  however,  that  the  use  of  liver  veal 
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Figure  8.— Clostridium  sporogenes  treated  with  antiserum  to  type  E  strain  5192. 


egg  agar,  in  their  experience,  does  not  produce  a 
very  marked  iridescence  or  pearly  layer  with  C.  botu- 
linum.  This  might  also  be  true  of  any  agar  containing 
glucose  to  which  egg  yolk  was  added.  Typical  colonies 
are  picked  from  the  plates  and  subcultured  into  a 
satisfactory  toxin  production  medium. 

Problems 

The  isolation  of  pure  cultures  from  grossly  con- 
taminated samples  or  enrichment  cultures  from  the 
samples  is  quite  difficult  and  in  many  instances 
impossible.  The  success  of  any  specific  procedure  for 
isolation  is  dependent  upon  the  type  and  amount  of 
contaminating  microflora.  Treatment  with  alcohol 
(23),  although  facilitating  the  isolation  of  pure  cul- 
tures of  C.  botulinum  from  enrichment  media,  is  useful 
only  when  die  extraneous  microflora  contain  primar- 
ily vegetative  cells.  If  the  mixed  microflora  consist 
primarily  of  spore  formers,  this  technique  is  not  satis- 
factory. The  predominant  types  of  Clostridia  in  a  large 
number  of  environmental  samples  examined  for  C. 
botulinum  type  E  arc  nontoxigenic  organisms  resem- 
bling type  E.  Among  the  other  numerous  Clostridia 
which  complicate  isolation  arc  C.  bifermentans,  C.  novyi, 
C.  ptrjringens,  and  C.  sporogenes.  Failure  to  demonstrate 
the  toxins  of  C.  botulinum  docs  not  preclude  the  possi- 
bility that  the  organism  may  be  present  in  foods  or 
environmental  materials  such  as  sediments,  soils, 
clams,  oysters,  fish  viscera,  or  crabs. 

Certain  micro-organisms  present  in  grossly  con- 
taminated samples  may  prevent  germination  and 


outgrowth  of  C.  botulinum  while  others  may  destroy  the 
toxins  as  they  arc  being  produced  (7).  It  has  been 
shown  by  our  laboratory  (24)  that  environmental  ma- 
terials frequently  contain  nontoxigenic  microorgan- 
isms resembling  type  E  that  produce  bactcriocinlike 
substances  which  arc  active  against  strains  of  toxigenic 
type  E.  One  of  these  bacteriocins,  boticin  E,  was 
shown  to  be  acdve  against  strains  of  C.  botulinum  type  E 
and  non-proteolytic  types  B  and  F,  but  not  active 
against  proteolytic  types  A,  B,  or  F. 

This  substance  is  produced  by  certain  nontoxigenic 
variants  of  type  E.  Bodcin  E  is  bacteriolytic  for 
vegetative  cells  and  bacteriostadc  for  spores. 

One  of  die  characteristics  of  this  bacteriocin  is  its 
extreme  sensitivity  to  proteolytic  enzymes.  Utilizing 
this  characteristic,  a  procedure  has  been  developed  in 
our  laboratories  which  incorporates  filtered,  sterilized 
trypsin  (Difco  1:250)  at  a  concentration  of  1  mg./ml. 
into  enrichment  medium  to  improve  the  detection  of 
C.  botulinum  type  E  in  environmental  samples.  Pre- 
liminary data,  a  portion  of  which  is  given  in  tabic  3, 
show  the  effect  of  this  procedure.  More  positives 
were  obtained  when  samples  of  sediments,  shellfish 
and  crabs  were  cultured  in  TPGY  containing  trypsin 
than  in  the  trypsin-frcc  medium. 

The  number  of  positives  is  also  greater  upon  tryp- 
sinization  of  cultures  following  growth  in  trypsin-frcc 
medium,  but  the  trypsin-containing  medium  is  supe- 
rior. In  addition  to  obtaining  a  greater  number  of 
positives  with  this  medium,  the  addition  of  trypsin 
also  potentiates  the  type  E  toxin  which  is  formed  and 
produces  higher  titers  than  when  cultures  are  tryp. 
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Table  3.— Effect  of  incorporating  trypsin  in  culture 
medium  for  detecting  Clostridium  botulinum  type  E 


Number  of  positive  samples  in 
72  hours  at  26°  C. 


TPGY  Trypsinized 
Type  of     Number    containing       TPGY  following 


samples         of        1  nig. /ml.       without      growth  in 
samples      trypsin         trypsin  TPGY 


Sediments  227         126(56)         32  (14)         76  (33) 

Shellfish  85  24(28)        13  (15)        13  (15) 

Blue  crab  200  63  (31)        27  (13)        49  (24) 


Note— Numbrra  in  fiaictilheaw.  are  i>creciitw«. 

sinized  after  growth,  thus  permitting  serological  typing 
of  the  toxin  with  greater  accuracy.  Table  4  shows 
typical  examples  of  toxin  titers  obtained  with  sediment 
samples. 


Table  4.— Effect  of  incorporation  of  trypsin  in 


Toxicity1  produced  in  72  hours  at  26°  C. 


TPGY  Trypsiuized 
containing  TPGY  following 


Sample  1  mg./ml.  without  growth  in 

number  trypsin  trypsin  TPGY 


11  >200  3  >4 

12  >10  1-2  5 

24  >40  <3  4 

34  _._>40  1-2  5 


'Toxicity  oxpreworl  *«  minimum  lethiil  do»c  per  milliliter. 

Medium  containing  trypsin  will  support  outgrowth 
and  toxin  production  of  the  other  types  of  C.  botulinum 
and  potentiate  the  toxin  of  nonproteolytic  strains  of 
type  F  as  well. 

A  limited  number  of  experiments  has  shown  that  a 
greater  number  of  positives  was  obtained  from 
environmental  samples  inoculated  with  small  number 
of  spores  of  nonproteolytic  types  B  and  F  when  trypsin 
was  incorporated  into  the  medium  than  when  it  was 
not.  Moreover,  this  medium  has  the  additional  ad- 
vantage that  fewer  mice  are  necessary  for  sample 
analysis  since  the  need  of  titrating  both  the  trypsinized 
and  nontrypsinized  enrichment  cultures  is  eliminated. 
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Summary 

By  the  application  of  immune  sera  prepared  against 
mechanically  isolated  flagclla  and  extract  obtained 
from  bacillary  bodies  deprived  of  flagella,  an  antigen 
schema  for  C.  botulinum  type  E  was  established.  This 
schema,  though  not  yet  complete,  seems  to  show  differ- 
ences in  antigenic  structure  between  the  strains  of  C. 
botulinum  type  E  studied  and  related  Clostridia,  and  a 
relationship  between  the  strains  and  their  regional  or 
geographical  distribution. 

Introduction 

Since  the  first  description  of  type  E  botulism  in 
Japan  by  Nakamura  et  al.  (7)  in  1951,  55  outbreaks 
involving  315  patients  and  81  victims  have  been 
recorded  in  Uus  country.  With  one  exceptional  type 
B  case,  the  outbreaks  were  all  caused  by  type  E.  On 
the  other  hand,  a  number  of  nontoxigenic  strains 
resembling  in  every  way  C.  botulinum  type  E  have 
been  isolated  in  Japan  and  other  countries,  thus 
causing  difficulties  and  confusion  in  identification.  It 
would  be  desirable  to  establish  the  antigenic  structure 
of  C.  botulinum  and  related  bacilli.  The  authors 
hypothesized  that  nontoxigenic  strains,  with  cultural 
and  morphological  characteristics  similar  to  those  of 
C.  botulinum  type  E,  are  identical  with  C.  botulinum 
type  E,  because  no  available  technique  to  prove  toxin 
producing  abilities  has  ever  been  proposed.  For  these 
reasons  they  undertook  to  establish  the  antigenic 
structure  of  this  genus. 

As  early  as  1925,  Schoenholz  and  Meyer  (10)  issued 
the  immunological  classification  of  C.  botulinum  type 
A  and  B. 

Serological  dissimilarity  between  one  strain  of  type 
E  from  Germany  and  another  strain  of  type  E  from 
Canada  was  reported  by  Hazcn  (.?).  Dolman  (2) 
indicated  also  several  strains  to  be  antigcnically  dis- 
tinguishable. Nakamura  et  al.  (8)  classified  18  strains 
isolated  in  Hokkaido  into  five  groups  by  slide  aggluti- 
nation. According  to  Ono  (9)  heat-labile  antigen  was 
group  specific  and  heat-stable  antigen  was  common 
to  all.  Kudo  (J)  tried  to  classify  36  strains  of  type  E 
with  sera  prepared  against  living  and  heated  bacilli 
but  without  any  appreciable  result.  Eynt  et  al.  (6) 
reported  that  the  flagellar  antigen  (H-O)  treated  with 

•Paper  not  rend  at  the  conference. 


formalin  was  highly  strain  specific,  whereas  the 
somatic  antigens  (heated)  produced  cross  agglutina- 
tion. Nontoxigenic  strains  physiologically  and  mor- 
phologically identical  with  type  E  strains  cross 
agglutinated  via  the  somatic  antigen.  The  nontoxi- 
genic strains  seemed  to  have  no  great  antigenic 
differences  from  toxigenic  type  E.  The  results  of  the 
above  authors  seem  only  to  show  the  possibility  of  a 
classification  of  C.  botulinum  by  agglutination  but  give 
no  reliable  immunological  clues  for  furdier  investiga- 
tions. Kudo's  results  (5)  being  unsatisfactory,  the 
present  authors  undertook  the  classification  of  C. 
botulinum  type  E  from  an  immunological  viewpoint 
which  is  different  from  that  introduced  first  by  Weil- 
Felix  and  later  developed  and  established  by  Kauff- 
man  and  White.  That  is,  this  approach  is  different 
from  the  interpretation  of  H  (OH)  agglutination  be- 
tween flagellated  bacteria  and  immune  serum  as  well 
as  from  that  of  O  agglutination  between  the  so-called 
nonflagellated  or  healed  bacteria  and  immune  serum. 
As  the  interpretation  and  application  of  H  (OH)  and 
O  agglutinations  to  the  agglutination  of  C.  botulinum 
type  E  require  exact  experimental  data,  Kudo  (4) 
and  Asano  (7)  made  a  series  of  preliminary  investiga- 
tions. 

Methods 

KUDO'S  TEST 

Cultivation  and  preparation  of  flagella  and 
bacillary  bodies  deprived  of  flagella. — Four  strains 
"Aomori,"  "Tcnno,"  "341,"  and  "211"  were  cultured 
on  the  nutrient  agar  consisting  of  ox-liver-infusion, 
0.25  percent  NaCl,  1  percent  peptone,  1  percent  beef 
extract,  1.5  percent  agar,  and  5  percent  goat  erythro- 
cytes. The  cultured  Petri-plates  were  kept  in  a  tightly 
closed  steel  jar  under  burning  phosphorus  and 
incubated  for  48  hours  at  30°  C;  under  which  condi- 
tions spore  formation  was  discouraged.  Cultures  were 
suspended  in  distilled  water,  vibrated  strongly  for 
flagella  separation,  and  then  centrifuged  at  various 
velocities.  This  procedure  yielded  flagella  separate 
from  bacillary  bodies  deprived  of  flagella  (dpf)  (fig. 
1).  The  purification  of  flagclla  was  confirmed  with 
the  electron  microscope  (Hitachi  HUN  A  special). 
Rarely  seen,  fragment-like  corpuscules  among  flagella 
proved  to  have  no  practical  immunological  sigiufi- 
cance. 
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Cultivation  on  ox-liver  broth-agar  containing 
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Figur*  1. 


Immunization.— Flagella,  lyophilized  bacillary 
bodies  dpf,  unwashed  fresh  living  bacilli  and  bacilli 
heated  at  100°  C.  for  2  hours  were  used  as  immuno- 
gens.  The  optical  density  of  the  immunogens  was 
adjusted  to  McFarland  No.  2  opacity  standard.  These 
were  then  injected  intraperitoneally  into  rabbits,  in 
doses  of  0.5  nil.  each  several  limes  at  4-  to  5-day 
intervals,  then  intravenously  into  the  ear  vein  in  in- 
creasing doses.  The  animals  were  exsanguinated  1 
week  after  the  last  injection. 

Agglutination.— The  agglutinogens  were  suspen- 
sions of  living  bacilli,  bacillary  bodies  dpf,  and  heated 
bacilli  adjusted  to  an  optical  density  equivalent  to 
McFarland  No.  3  opacity  standard.  When  a  bacillary 
suspension  agglutinated  spontaneously,  it  was  kept 
standing  at  room  temperature  until  the  supernatant 
remained  homogenous.  Such  a  supernatant  gave 
satisfactory  results  as  an  antigen,  as  long  as  the  turbid- 
ity could  be  detected  by  the  eye. 

Antigens  were  added  into  serial  dilutions  of  immune 
sera  in  equal  proportions  (0.5  ml.  each),  kept  in  a 
water-bath  for  3  hours  at  37°  C,  then  the  endpoint 
titre  was  determined  with  a  6X-hand  lens.  The 
agglutination  tests  with  the  four  strains  studied  showed 
the  following: 

(7)  Flagella  scrum  agglutinated  only  living  bacilli 
but  did  not  agglutinate  bacillary  bodies  dpf 
nor  heated  bacilli  (table  la).  The  reaction  was 
therefore  highly  specific,  that  is,  the  reaction 
was  H  agglutination  in  its  true  sense. 


(2)  Serum  prepared  against  living  bacilli  aggluti- 
nated, contrary  to  the  flagella  serum,  not  only 
living  bacilli  but  also  bacillary  bodies  dpf,  both 
agglutinations  showing  almost  the  same  titre 
(table  lb)  and  in  the  same  manner.  Thus  the 
differentiation  between  flagella  and  bacillary 
bodies  dpf  was  masked.  Therefore  the  inter- 
pretation that  the  agglutination  of  living  bacilli 
is  so-called  H  (OH)  agglutination  is  not  correct. 
This  kind  of  agglutination  should  be  termed 
only  OH  agglutination. 

(3)  Living  bacilli  and  bacillary  bodies  dpf  aggluti- 
nated alike  in  the  sera  against  bacillary  bodies 
dpf,  so  that  the  differentiation  between  both 
agglutinations  is  impossible  (table  lc).  Heated 
bacilli  were  scarcely  agglutinated. 

(4)  Sera  prepared  against  heated  bacilli  cross- 
agglutinated  living  bacilli  and  bacillary  bodies 
dpf  feebly  and  heated  bacilli  strongly,  so  that 
heat-stable  antigens  are  common  to  all  (table 
Id).  It  is  not  advisable  to  use  such  a  nonspecific 
reaction  for  bacterial  classification.  The  reason 
why  such  a  reaction  occurs  can  be  easily 
imagined;  heating  itself  might  give  rise,  par- 
tially or  mostly,  to  the  degeneration  of  bacillary 
components  which  results  in  nonspecific  reac- 
tions. 

These  four  results  demonstrate  well  that,  in  case  of 
H  agglutination,  in  its  true  sense,  only  the  aggluti- 
nation between  the  living  bacilli  and  the  serum 
against  flagella  should  be  adopted. 
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ASA  NO'S  TEST 

Preparation  of  bacillary  extract.  —  Cultures 
grown  for  48  hours  on  the  same  nutrient  agar  as  was 
used  by  Kudo  were  suspended  in  distilled  water, 
vibrated  for  3  hours  and  ccntrifuged.  The  bacillary 
bodies  thus  separated  from  flagclla  were  resuspended 
in  distilled  water  and  disintegrated  with  an  ultrasonic 
generator  (KMS-250-160  Kubota  Scisakusho).  The 
suspension  was  then  ccntrifuged  at  high  velocity  and 
the  supernatant  was  obtained  as  bacillary  extract. 
The  procedure  is  shown  in  figure  2.  The  extract  con- 
centration was  then  adjusted  to  1  percent  protein 
content  widi  Hitachi  Hand  Protein  Refractrometer 
and  lyophilizcd. 


Cultivation  on  ox  liver-infusion  broth  atfar 
;1|  :«)  C  for  1H  hours 

S^n.on  J  H,,aW  ,;„, 

Vibration  tor  :t  hours 

Ccnlrifugation  with  liKMI  rotations  per  minute. 
Wiishinn  thrice  with  -yilinr 


Su|>ern«iant  Hacillary  liodir,  (Upfivtd  .>f 

iiaKclta 

Suspension  hi  distilled  wau-r 
(,.H  T.D) 

l 

Ultrasonic  destruction 

i 

l  l.tKXi  rotation*  jxt  minute 
for  .iO  minute* 


Sujjeriuniinc  Sediment 
(Rai-iKary  extract) 

Figure  2. 

Immunization.— The  inoculations  of  rabbits  were 
begun  at  first  intraperitoneally  with  0.2  cc.  of  extract 
and  then  repeated,  with  increasing  doses,  at  4  to  5 
days  interval  for  three  or  four  times.  Thereafter  it 
was  given  intravenously  by  the  same  schedule.  The 
animals  were  exsanguinated  when  the  agglutinin  litre 
reached  1:3,200  or  higher.  In  this  manner  immune 
sera  were  prepared  against  the  four  kinds  of  bacillary 
extracts,  "Aomori,"  "Tenno,"  "341,"  and  "211." 

Bacillary  extract  or  extract  as  an  immunogen  was 
termed  "extract  antigen"  by  Asano  and  the  serum 
against  the  extract  "extract  antiserum"  a  designation 
analagous  to  "O  serum"  against  "O  antigen."  There- 
fore the  term  "extract  agglutination''  denotes  "agglu- 
tination between  bacillary  antigen  and  extract  anti- 
scrum." 

Agglutination. — Cross  agglutination  tests  were 
made  between  the  strains  "Aomori,"  "Tenno,"  "341," 
"211"  and  the  above  four  immune  sera.  The  method 


and  the  observation  were  the  same  as  in  the  flagellar 
agglutination  of  Kudo  and  the  results  were  as  follows 
(table  2): 

(1)  Each  of  four  living  strains  were  agglutinated 
specifically  by  homologous  scrum;  this  aggluti- 
nation being  consistent  with  flagclla  agglutina- 
tion. 

(2)  Contrary  to  this,  the  strains  heated  at  100°  C. 
for  2  hours  were  influenced  by  at  least  two  or 
more  sera,  that  is,  this  reaction  is  nonspecific 
and  unfavorable  for  the  classification.  Based  on 
these  results,  the  first  reaction  is  substituted  for 
the  socalled  "O  agglutination"  widely  used  in 
routine  work. 

Results 

Sixty-four  toxigenic  and  54  nontoxigenic  strains 
were  used.  Of  the  toxigenic  strains,  eight  were  derived 
from  Canada,  three  from  Alaska  and  one  from  Amer- 
ica, and  one  of  nontoxigenic  strains  derived  from 
Canada.  Before  the  serological  testing  the  strains  were 
studied  for  characteristics  such  as  sugar  fermenting 
abilities,  solubleization  of  coagulated  serum  and  egg- 
white.  They  were  then  tested  for  agglutinability  in 
the  antiscra  prepared  against  flagella  and  bacillary 
extracts  of  27  toxigenic  and  17  nontoxigenic  strains, 
respectively.  The  methods  used  were  those  of  Kudo 
and  Asano  as  described  above. 

Flagellar  and  extract  antiserum  agglutinations. — 
The  authors  could  classify  1 18  strains  into  9  serologi- 
cal groups  with  both  agglutinations,  respectively, 
(tables  3  and  4).  It  is  noteworthy  that  the  groups  1, 
2,  3,  4,  and  7  of  both  agglutination  types  were  com- 
pletely consistent  in  numbers  and  kinds  of  the  strains 
included.  All  strains  in  flagella  agglutination  groups 
2,  3,  and  4  were  agglutinated  by  the  sera  prepared 
against  the  extracts  of  15  toxigenic  and  nontoxigenic 
strains  (table  4).  From  these  data  it  is  obvious  that 
the  antigens  of  the  strains  in  these  groups  arc  widely 
shared. 

Absorption  studies.— Because  of  excessive  serum 
consumption  in  the  previous  experiment,  seven  kinds 
of  sera  against  toxigenic  strains  and  two  kinds  of  sera 
against  nontoxigenic  strains  had  to  be  omitted. 
Twenty-six  kinds  of  absorbed  sera  and  nine  sera  which 
did  not  require  absorption  were  used  for  further 
agglutination  reactions.  So,  35  antiflagclla  sera  and 
35  antiextract  sera  were  studied  (tables  5  and  6). 
Flagella  scrum  and  extract  serum  of  one  and  the 
same  strain  were  labeled  with  the  same  arabic  cipher 
so  that  the  combination  of  cipher  of  every  scrum 
agglutinating  one  strain  represented  antigenic  struc- 
ture of  the  strain  concerned  (tables  7  and  8).  In  this 
way  103  of  118  strains  were  classified  into  13  serolog- 
ical groups  (table  8). 
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Group  1.— Only  one  strain  "Aomori"  belongs 
to  this  group.  It  has  one  flagellar  antigen  and 
one  extract  antigen  designated  as  1.  Strain 
"VH"  deficient  in  this  flagellar  antigen  was 
omitted. 

Group  2.— All  28  strains  of  litis  group,  pos- 
sessing flagellar  antigens  6,  7,  8,  9,  10,  and 
extract  antigens  6,  7,  8,  9,  10,  were  from  Akita 
Prefecture.  Some  strains  possess,  in  addition,  the 
flagellar  and/or  extract  antigens  2  and/or  5. 
Flagellar  and  extract  antigens  of  strains  "667," 
"Fish  7,"  "Honjyo  37,"  "Haginari  8,"  "762" 
were  the  same.  These  strains,  except  for  two, 
were  all  toxigenic.  The  above  fact  indicates  the 
existence  of  a  relationship  between  antigenic 
structure  of  the  strains  and  their  regional  distri- 
bution. 

Group  3. — Five  toxigenic  strains  belong  to  this 
group.  They  possess  common  extract  antigens  6, 
7,  9,  10,  and  common  flagellar  antigens  7,  8,  9, 
14.  One  was  isolated  in  Hokkaido  and  four  in 
Akita  Prefecture,  so  that  the  same  relationship 
as  in  group  2  seems  to  exist. 

Group  4.— Strains  of  this  group,  with  one 
exception,  possess  antigens  14,  15,  16  as  both 
flagellar  and  extract  antigens,  and  11  as  an  ex- 
tract antigen.  All  or  some  of  the  antigens  6,  7,  8, 
9,  10  exist  also  in  both  flagella  and  extract,  or  in 
either  one  of  them.  Of  12  toxigenic  strains,  seven 
were  from  Hokkaido,  only  one  from  Aomori 
Prefecture,  four  from  Akita  Prefecture,  and  two 
nontoxigenic  strains  from  Akita  Prefecture. 

Group  5. — Three  toxigenic  strains  of  this 
group  arc  represented  with  flagellar  antigens  6, 
7,  8,  9,  and  extract  antigens  6,  8,  9.  Flagellar 
antigens  14,  15,  16  seem  to  characterize  this 
group,  more  or  less.  Two  are  from  Akita  Prefec- 
ture and  one  from  Hokkaido. 

Group  6. — Only  one  extract  antigen  9,  and 
one  flagellar  antigen  8,  are  shared  by  two  toxi- 
genic strains.  One  strain  was  isolated  in  Hokkaido 
and  the  other  in  Aomori  Prefecture. 

Group  7. — This  group  includes  nine  toxigenic 
and  eight  nontoxigenic  strains.  Most  of  them, 
irrespective  of  toxigenicity,  possess  flagellar  anti- 
gens 3,  11,  13,  15,  16,  21,  and  extract  antigens 
11,  13.  The  fact  that  five  Canadian  strains  arc 
included,  seems  to  point  toward  some  geographi- 
cal distribution. 

Group  8.— Two  toxigenic  strains  from  Canada 
and  Hokkaido,  and  six  nontoxigenic  strains  from 
Akita  Prefecture  are  included.  The  latter  arc  all 
lacking  in  extract  antigens,  but  flagellar  antigen 
1 1  is  common  to  all  eight  strains. 

Group  9. — Two  toxigenic  strains,  one  from 
Alaska,  one  from  Canada  seem  to  react  with 


antigen  13  of  the  nontoxigenic  strain  "Joryu  74." 

Group  10.— All  four  nontoxigenic  strains  from 
Akita  Prefecture  have  in  common  extract  antigen 
20  and  three  of  them  have  flagellar  antigens  13 
and  20. 

Group  11. — All  three  toxigenic  strains  from 
Hokkaido  belong  here.  Very  characteristic  of  this 
group  is  that  two  strains  have  1 7,  22,  24  as  both 
flagellar  and  extract  antigens,  and  one  strain  1 7, 
22,  24  as  extract  antigens  and  17,  23  as  flagellar 
antigens. 

Group  12.— One  flagellar  antigen  8,  and  one 
extract  antigen  10,  characterize  two  toxigenic 
strains  of  this  group.  They  are  from  Akita  Prefec- 
ture. 

Group  13.— Three  toxigenic  strains  from 
Hokkaido,  five  nontoxigenic  strains  from  Aomori 
Prefecture,  and  six  nontoxigenic  strains  from 
Akita  Prefecture  belong  to  this  group.  Except  for 
three  nontoxigenic  strains  "Aomori  783," 
"Aomori  786,"  "Fish  9,"  and  one  toxigenic 
strain  "Kameda,"  the  others  possess  only  one 
flagellar  and  one  extract  antigen  specific  to 
themselves. 


Discussion 

The  authors  could  establish  an  antigenic  schema 
for  C.  botulinum  type  E  with  methods  not  previously 
employed.  This  schema  indicates  that,  as  a  whole, 
toxigenic  strains  arc  prone  to  be  found  in  the  groups 
1  through  7  while  nontoxigenic  strains  arc  most  likely 
to  be  found  in  the  groups  7  through  13.  The  schema 
also  shows  a  relationship  existing  between  the  anti- 
genic structure  of  the  strains  and  their  regional  or 
geographical  distribution;  for  example,  26  of  38  toxi- 
genic strains  from  Akita  Prefecture  belong  to  group 
2,  while  seven  of  18  toxigenic  strains  from  Hokkaido 
to  the  group  4,  and  5  of  seven  toxigenic  strains  from 
Canada  to  group  7. 

Twelve  nontoxigenic  strains  resemble  toxigenic 
strains  antigenically  as  seen  in  the  groups  2,  4,  and  7. 
Skulbcrg  and  Hausken  (II)  stated  that  the  formation 
of  toxin  is  a  main  characteristic  of  C.  botulinum,  but 
these  data  show  with  great  probability  that  these 
nontoxigenic  strains  may  be  identical  with  C.  botu- 
linum type  E.  The  nontoxigenic  strains  in  the  group 
13  contain  only  one  or  two  antigens  specific  to  them- 
selves, so  that  they  might  clearly  be  regarded  as  dif- 
ferent from  the  nontoxigenic  strains  in  groups  3,  4, 
and  7.  That  is,  they  probably  are  only  related  Clostri- 
dia. 

The  antigenic  schema  proposed  by  the  authors  is 
not  always  decisive,  because  of  the  impossibility  of 
the  fixation  of  variable  antigenic  phases  appearing 
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BOTULISM 

Table  1. -Agglutination  of  four  strains  of  Clostridium  botulinum  type  E  with  antisera 
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against  them  (Kudo's  test) 
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Table  2.— Agglutination  of  four 


strains  of  Clostridium  botulinum  type  E  with  antisera  prepared  against 
extracts  (Asa  no's  test) 
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Table  3.— Flagellar  agglutination  of  118 
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Table  4.— Agglutination  of  strains  of  Clostridium  botulinum  with 
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7.— Numbering  system  of  the  antigens  of  the  strains  of  Clostridium 
botuiinum  type  E  employed  in  the  antigenic  schema 
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14. 15. 16 
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Table  8  — The  antigenic  schema  for  distinguishing  strains  of  Clostridium 
botulinum  type  E— Continued 
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11 
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20 
20 
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20  35 
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13  20 
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1 
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• 
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8      14. 15. 16 
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Akita  Prefecture 

U 

23 

» 
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• 

24 

*« 

F»t.  4 

Akita  Prefecture 

24 

Foh  5 

Akila  Prefecture 

8 

25 

25 

F»h  9 

Akita  Prefecture 

o 

25  31 

31 
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Aomori  Prefecture 

a 

26 

26 

Aomori  102 

Aomori  Prefecture 

O 

27 

27 

Aomori  783    Aomori  Prefecture 

o 

28 

28.29 

Aomori  7cS 

Aomori  Prefecture 

o 

29 

2f-X 

Aomori  207 

Aomori  Prefecture, 

Maruya 

Akita  Prefecture  ; 

8 

29 

Haginari  4-22 
Karoeda 

Akita  Prefecture 

30 

30 

Hokkaido 

i 

32.33 

32 

Mi-ukt 

Hokkaido 

33 

33 
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ordinarily  in  routine  work.  However,  the  authors 
believe  that  the  schema  will  come  nearer  and  nearer 
to  a  complete  form  as  antigenic  phase  fixation  is 
better  understood. 
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DISTRIBUTION  OF  CLOSTRIDIUM  BOTULINUM  IN  THE 
ECOSYSTEM  OF  THE  GREAT  LAKES 

by].  T.  Graikoski,  E.  W.  Bowman,  R.  A.  Robohm,  and  R.  A.  Koch 
U.S.  Bureau  of  Commercial  Fislmies,  Ann  Arbor,  Mich.  48107 


Introduction 

The  particular  circumstances  surrounding  the  type 
E  outbreaks  in  fish  in  the  United  States  the  past 
several  years  centered  the  problem  around  the  Great 
Lakes.  In  I960  and  1963,  eight  outbreaks  of  type  E 
botulism  involving  21  cases  and  nine  deaths  were 
attributed  to  smoked  fish  of  the  Coregonus  sp.  which 
were  harvested  and  smoke  processed  in  the  Great 
Lakes  region.  An  additional  type  E  outbreak,  al- 
though not  involving  Great  Lakes  fish,  occurred  in 
Detroit,  Mich.,  in  1963  from  canned  tuna.  A  most 
recent  outbreak  of  one  case  and  one  death  occurred 
in  Chicago,  111.,  in  1967,  from  home-processed  gefilte 
fish  prepared  from  whitcfish  (Coregonus  clupeajormis), 
presumably  harvested  from  the  Great  Lakes  area. 

Another  phenomenon  relating  botulism  to  water- 
fowl occurred  in  the  fall  and  early  winter  of  1963  and 
1964.  Lake  Michigan  was  the  scene  of  extensive  mor- 
talities of  water  birds,  principally  gulls  (Ijauis  argenta- 
tus,  L.  delewarensis)  and  loons  (Gavia  insmer).  Ap- 
proximately 12,000  birds  were  estimated  by  Fay, 
Kaufman,  and  Rycl  (4)  to  be  involved  in  these  mor- 
talities. Tests  made  by  Kaufman  and  Fay  (10)  from 
the  blood  of  morbid  and  dead  birds  from  these  mortal- 
ities indicated  that  C.  botulinum  type  E  toxin  was 
present.  Mortalities  among  waterfowl  had  been 
observed  previously  in  the  Great  Lakes  region,  and 
had  been  attributed  to  type  C  toxin.  However,  exten- 
sive mortalities,  as  observed  in  1963  and  1964,  have 
not  been  previously  reported.  Prior  to  this  time,  there 
have  been  no  published  reports  associating  type  E 
toxin  with  mortalities  in  wild  birds. 

Another  phenomenon,  although  not  related  to  bot- 
ulism, which  has  been  of  considerable  interest  in  the 
Great  Lakes  is  the  continued  mortalities  of  alcwife 
(Alosa  pseudoharengus),  wliich  have  been  observed  to 
occur  annually.  The  usual  situation  has  been  localized 
mortalities  around  river  mouths  during  late  spring 
and  early  summer  of  the  spawning  season.  However, 
extensive  mortalities  occurred  over  Lake  Michigan 
proper  in  the  summer  of  1967.  Several  million  pounds 
of  fish  were  involved  in  these  mortalities.  No  specific 
cause  can  be  attributed  to  the  mortalities  of  the  ale- 
wives. 


Although  type  E  was  first  described  by  Gunnison, 
Cummings,  and  Meyer  in  1936  (6"),  an  extensive 
search  for  the  presence  of  this  organism  had  not  been 
carried  out  in  the  United  States  prior  to  the  1963  type 
E  outbreaks.  Studies  in  France  by  Prcvot  and  Huct 
(M),  Johannsen  (8)  in  Sweden,  Kanzawa  (9)  and 
Nakamura  (12)  in  Japan,  and  Pederson  (13)  demon- 
strated the  association  of  type  E  with  the  aquatic 
environment. 

Preliminary  studies  in  1963  showed  that  type  E  was 
present  in  fish  harvested  from  Lake  Michigan.  Studies 
by  Foster,  ct  al.  (5)  and  Bott,  et  al.  (1),  at  the  Univer- 
sity of  Wisconsin,  on  3,000  fish  collected  from  four  of 
the  Great  Lakes  demonstrated  the  wide  distribution  of 
the  organism  in  several  species  of  fish,  with  an  overall 
incidence  of  1  to  9  percent. 

The  objective  of  our  ecological  study  was  initially  to 
determine  the  incidence  of  C.  botulinum  in  various 
elements  of  the  Great  Lakes,  in  order  to  establish  a 
base  line  for  a  continuing  monitoring  program  to 
determine  the  persistence  of  the  organism  in  the  envi- 
ronment. The  information  obtained  would  be  of  im- 
portance in  evaluating  the  potential  botulism  hazard 
from  fish  harvested  from  the  Great  Lakes.  Additional 
objectives  were:  ( 1 )  To  determine  possible  reservoirs  of 
the  organism  in  the  environment,  (2)  mode  of  trans- 
mission to  the  fisheries,  and  (3)  the  relationship,  if  any, 
the  fish  mortalities  contribute  to  the  incidence  of  the 
organism  and  waterfowl  deaths. 

Materials  and  Methods 

Much  of  the  work  reported  in  this  study  was  per- 
formed on  board  the  U.S.  Bureau  of  Commercial 
Fisheries  R/V  CISCO.  For  the  initial  survey,  samples 
were  collected  from  areas  of  the  commercial  fisheries 
on  the  Great  Lakes.  Monitoring  stations  for  yearly 
samplings  were  established  at  a  transect  between 
Ludington,  Mich.,  and  Sturgeon  Bay  and  Green  Bay, 
Wise,  on  Lake  Michigan.  A  monitoring  station  was 
also  established  on  Lake  Huron  in  the  Saginaw  Bay 
area.  This  area  was  selected  for  sampling  since  peri- 
odic fish  and  waterfowl  mortalities  has  occurred  there. 

Samples  collected  for  this  study  were  fish,  bottom 
sediments,  water,  invertebrates,  plankton,  and  water- 
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fowl.  Fish  were  obtained  by  means  of  a  bottom  trawl. 
Samples  of  the  various  species  obtained  in  the  trawl 
were  aseptically  opened  and  the  entire  intestinal  tract 
subculturcd  into  enrichment  media.  Bottom  sediments 
were  obtained  with  a  Pcdcrscn  dredge.  A  sample  was 
obtained  just  below  the  surface  of  the  sediment  by 
means  of  a  sterile  tongue  depressor  and  transferred  to 
a  sterile  jar.  This  was  done  to  minimize  any  possible 
contamination  from  the  dredge.  The  dredge  was  thor- 
oughly washed  between  samplings.  For  an  inoculum, 
approximately  1  g.  of  sediment  was  employed.  Water 
was  obtained  in  sterile  Cobet  water  samplers.  Approxi- 
mately 100  to  200  ml.  were  collected  at  each  station. 
Water  was  filtered  through  a  2-inch  Gclman  mctricel 
filter  (0.2^  pore  size),  and  the  membrane  subcultured 
into  enrichment  media.  Invertebrates  were  screened 
from  the  bottom  sediments,  washed  several  times  in 
sterile  saline,  and  directly  subculturcd  into  the  enrich- 
ment media.  Plankton  obtained  by  a  vertical  tow  with 
one-half  meter  net,  was  concentrated  by  settling  in  a 
sterile  bottle  and  5  ml.  subculturcd  into  the  media. 

The  beef  infusion  media  used  for  our  primary  en- 
richment cultures  was  developed  for  studies  on  type  E. 
The  composition  of  the  beef  infusion  broth  (BI  me- 
dium) was  as  follows:  Beef  infusion  1  liter  (1  pound  of 
ground  beef  per  liter  distilled  water,  boiled  for  one- 
half  hour,  chilled  overnight  and  filtered),  Bacto-pep- 
tone  10  g.,  disodium  phosphate  2  g.,  glucose  2  g., 
soluble  starch  1  g.,  sodium  chloride  5  g.,  sodium 
thioglycollatc  1  g.,  dried  meat  particles  10  percent, 
final  PH  7.2-7.4. 

For  enrichment  cultures,  approximately  60  ml.  in 
square  bottles  were  employed.  The  enrichment  cul- 
tures were  incubated  at  20°  C.  for  10-14  days  before 
assays  for  toxin  were  made. 

The  beef  infusion  media  was  compared  with  the 
TPG  (trypticase-peptone-glucose)  media  commonly 
employed  for  producing  type  E  cultures  (14).  Better 
recovery  of  the  organism  from  bottom  sediments  oc- 
curred in  the  BI  media  than  in  the  TPG  media  (tables 
1  and  2). 

After  incubation  the  cultures  were  centrifuged  in 
the  cold  at  5,000  r.p.m.  for  30  minutes.  Initially,  in  our 
studies,  0.5  ml.  of  the  supernatant  fluid  was  injected 
intraperitoneally  in  three  20g.  albino  mice  to  detect 
toxin.  However,  nonspecific  deaths  occurred  in  the 
mice  on  occasions  when  this  amount  was  injected. 
Some  of  the  nonspecific  deaths  were  minimized  by 
injecting  0.3  ml.  into  the  mice.  The  mice  were  ob- 
served for  symptoms  of  botulism,  especially  during  the 
early  stages  after  injection.  If  cultures  contained  type 
E  toxin,  death  usually  occurred  within  12  hours  after 
injection.  Mice  were  observed  for  48  hours  before 
disposal.  Supcrnatants  which  caused  deaths  in  mice 
were  neutralized  with  specific  type  E  antitoxin  (Pas- 
teur Institute).  For  the  in  vitro  neutralization  test,  0.1 


Table  1. — Relative  effectiveness  of  3  media  in 
producing  toxic  outgrowth  of  naturally  occurring 
C.  botulinum  type  E  from  Lake  Michigan  sediments' 


Number  of  culture 

Number      suPcrna,a"«  containing 
Q£  type  B  toxin 

samples 

Type  of  sediment      toted         BI       BI  +  YE  TPG 


Mud   0  8  8  5 

Sand   5  5  5  5 

Gravel   I  1  0 


Total   15  14  13  10 


•The  3  media  compared  comuatcd  of  a  tryplicjwc-pepUme  s1um»«  medium. 
Media  were  inoculated  with  approximately  1.0  «.  of  sediment  and  incubated 
at  20*  C.  for  22  days  before  teating  for  toxin. 


Table  2.— Relative  effectiveness  of  2  media  in 
producing  toxic  outgrowth'  of  naturally  occurring 
C.  botul'mum  type  E  spores  from  lake  sediments* 
stored  at  0*  to  4*  C.  for  6  to  12  months 


Number  of  culture  supcrnatants 
containing  type  E 


20°  C.  incubation  30°  C.  incubation 

Type  of  Number  

sediment       tested      TPG        BI        TPG  BI 


Sand   B  3  4  2  4 

Mud   7  5  7  5  7 

Clay.   2  0  0  1  1 

Sand-mud   10  10  0 

Gravel.   110  11 


Total.-      19  9  12  9  13 


■Media  were  inoculated  with  approxinuttely  1.0  g.  of  netlimcnt  and  incu- 
bated at  20°  C.  for  10  day*  or  30°  C.  for  3  days  before  teatinc  for  toxin. 

■Sediments  were  taken  from  Lake  Superior.  Lake  Charlevoix,  Lake  Mich- 
igan (Traverse  Bay,  Go-en  Bay,  and  main  body  u(  the  lake),  and  Lake 
Huron. 

ml.  of  antitoxin  (enough  to  neutralize  2,000  MLD  of 
homologous  toxin)  was  allowed  to  combine  with  0.9 
ml.  of  the  culture  supernatant  in  the  cold  for  at  least  2 
hours;  0.3  ml.  of  this  mixture  was  then  injected  into 
three  mice.  Other  mice  were  also  injected  with  the 
nonneutralized  toxin,  in  order  to  ascertain  that  toxin 
loss  did  not  occur.  Some  toxin  loss  did  occur,  however, 
from  cultures  produced  from  highly  contaminated 
samples.  Cultures  were  considered  positive  if  typical 
botulism  symptoms  were  observed  in  the  mice,  and  if 
they  were  neutralized  with  specific  homologous  anti- 
toxin. 

Results 

The  map  below  shows  the  areas  of  the  Great  Lakes 
where  the  various  samples  were  obtained  on  our  initial 
survey  in  1965.  Stations  located  on  the  transect  be- 
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tween  Ludington,  Mich.,  and  Green  Bay,  Wis.,  were 
sampled  several  times  during  that  year,  as  well  as  at 
yearly  intervals.  The  crosses  point  to  the  areas  where 
we  observed  waterfowl  mortalities  in  1965.  The  exten- 
sive waterfowl  mortalities  observed  in  1963  and  1964 
were  also  in  the  general  areas  marked,  as  well  as  on  the 
lower,  eastern  shore  of  Lake  Michigan.  Sea  gull  and 
fish  mortalities  were  observed  in  the  area  near  East 
Tawas,  Mich.,  on  Lake  Huron.  This  area  was  also 
selected  for  yearly  observations. 

Samples  of  bottom  sediments  were  collected  in  1964 
from  Lake  Ontario.  However,  the  samples  were  stored 
for  some  time  prior  to  examination  and  a  large 
number  of  cultures  gave  nonspecific  toxicities  in  mice, 
so  no  judgment  can  be  made  on  whether  type  E  was 
present  in  these  samples. 

The  results  presented  in  table  3  summarize  the 
incidence  of  type  E  in  cultures  prepared  from  the 
various  elements  of  the  Great  Lakes  collected  in  1965. 
The  highest  occurrence  of  type  E  was  from  samples 
collected  from  Saginaw  Bay  of  Lake  Huron.  Of  the 
cultures  produced  from  fish,  5.29  percent  were  positive 
for  type  E.  The  bottom  sediments  yielded  45  percent 
positive  cultures. 


The  next  highest  incidence  of  positive  type  E  cul- 
tures was  obtained  from  samples  collected  from  Lake 
Michigan.  The  total  number  of  samples  from  various 
elements  presented  in  the  table  are  those  which  were 
collected  several  times  during  the  year  at  the  estab- 
lished monitoring  stations,  as  well  as  from  other  se- 
lected areas  in  Lake  Michigan.  The  fish  samples 
include  those  obtained  from  Green  Bay  and  those  from 
Lake  Michigan  proper.  Of  the  281  fish  intestines  sub- 
cultured,  37  percent  were  positive  for  type  E.  Bottom 
sediments  produced  37  positive  cultures,  and  water, 
invertebrates,  and  plankton  yielded  1.29,  17.1,  and 
30.7  percent  type  E  cultures,  respectively.  One  culture 
from  a  fish  (Catostomus  sp.)  contained  both  B  and  E 
toxin.  The  results  show  that  the  type  E  is  well  dis- 
tributed in  all  the  elements  cultured. 

Fish  examined  from  Lake  Superior  and  Lake  Erie 
had  a  very  low  incidence,  only  2  percent  of  the  cultures 
were  positive  for  type  E.  Bottom  sediments  from  Lake 
Superior,  but  not  Lake  Erie,  yielded  positive  type  E 
cultures,  although  these  had  a  significantly  lower  in- 
cidence than  those  from  Lake  Michigan. 

Of  the  35  fish  examined  from  Lake  St.  Clair,  14.2 
percent  yielded  positive  cultures.  No  positive  cultures 
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Table  ^-Distribution  of  Clostridium  botulinum  type  E  in  the  Great  Lakes  April-October  1965 


Distribution  in  various  elements 


Fish  Bottom  sediments  Water  Invertebrates'  Plankton 

Number  Type  E  Number    Type  E  Number    Type  E    Number    Type  E    Number    Type  E 

of  percent  of  percent  of        percent        of        percent         of  percent 

Area                samples  positive  samples  positive  samples     positive    samples     positive    samples  positive 

icbigan   281  *37.0  147  34.0  108         12.9          64  17.1  13  30.7 

iron 

law  Bay)  68  52.9  9  45.0       

perior  110  2.7  15  20.0  18           5.5  10   

ie  -45  2.2  7    15    6      

Clair  35  14.2  8    2    4  ..  


Lake  Mi 
LakeHu 
(Saoin 
Lake  Su] 
Lake  Eri 
Lake  St. 


'Principally  Pontoporoo  affinit,  Jtfy«*  riiicia,  and  Chironvmut  ap. 

were  produced  from  the  several  bottom  sediments 
tested. 

The  results  of  the  initial  survey  in  1965  demon- 
strated the  wide  distribution  of  type  E  in  the  various 
samples  collected,  although  there  is  an  unequal  distri- 
bution between  the  various  Great  Lakes.  The  unequal 
distribution  of  type  E  from  fish  of  the  Great  Lakes  has 
been  reported  previously  by  Bott  ct  al.  (2).  In  that 
study,  the  overall  incidence  of  type  E  in  fish  was  1  to  9 
percent  for  the  Great  Lakes;  57  percent  for  the  Green 
Bay  of  Lake  Michigan.  The  greater  incidence  of 
type  E  in  our  study  is  probably  due  to  the  different 
cultural  methods  employed  for  detecting  type  E. 

Samplings  at  the  preestablished  stations  on  Lake 
Michigan  were  carried  out  in  1966-67.  In  table  4,  the 
relative  incidence  of  type  E  in  bottom  sediments, 


n  fi»h  culture  ncutmlwecl  by  both  E  and  B  antitoxin. 

water,  plankton,  and  invertebrates  is  compared  with 
the  results  obtained  from  the  initial  survey  in  1965.  As 
can  be  readily  seen,  the  relative  incidence  of  type  E  in 
various  samples  cultured  has  not  changed  over  the 
3-year  sampling  period. 

The  incidence  of  type  E  in  the  most  predominant 
species  of  fish  examined  during  the  3-year  sampling 
period  from  two  areas  on  Lake  Michigan  is  compared 
in  tables  5  and  6. 

In  our  original  survey,  we  observed  that  the  inci- 
dence of  type  E  in  fish  obtained  from  the  Green  Bay 
area  was  significandy  higher  than  from  our  station  off 
Ludington,  Mich.  The  same  situation  remained  true 
for  the  1966-67  year  sampling.  From  these  results 
there  does  not  seem  to  be  any  particular  restriction  of 
the  incidence  of  type  E  among  the  various  species  of 


Sampling  year 


1967  1966  1965 


Type  E  Type  E  Type  E 

percent  percent  percent 

Sample  Number  positive  Number  positive  Number  positive 


Bottom  sediment  -  45  75.6  24  87.8  147  34.0 

Water    12  2.0  57  3.5  108  12.9 

Plankton  17  10.0  32  75.0  13  30.7 

Invertebrates  _  18  6.0  53  33.6  64  17.1 


Table  5.— Incidence  of  C.  botullnum  type  E  In  Lake  Michigan  fish— Ludington  area 


1967  1966  1965 

Number  Percent  Number  Percent  Number  Percent 

Species  sampled  type  E  sampled  type  E  sampled  type  E 


Chub  (  Coregonus  so. )  13  84.6 

Alewife  (AUua  »p.)  30  23.3 

Smelt  (Osmtnu  sp.)   .3   

Sculpin  (CoUussp.)  7  14.3 


Total   43  44.2 


40  50.0  61  62.2 

10  30.0  2  

10  10.0  3    

90  10.0  1  100.0 


70  47.1  67  48.2 
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1967  1966  1965 


Number  Type  E  Number  Type  E  Number  Type  E 

Species  tested  percent  tested  percent  tested  percent 


Perch  {Pert*  sp.)   14  85.8  10  60.0  20  55.0 

Sucker  (Catostomus)  2  100.0  15  93.6  20  90.0 

Spottails  (A'otrofis  sp.)     11/19  57.8 

Alcwife  (Alosa  sp.)  11  81.6     

Burbot  (Lota  sp.)  2  100.0   


Total  29  86.2  25  80.0  59  66.9 


fish  tested.  Although  the  incidence  seems  to  be  consist- 
ently higher  in  the  sucker  (Catostomus  sp.),  a  predom- 
inantly bottom  feeding  fish. 

Limited  samplings  of  fish  and  bottom  sediments 
from  Lake  Michigan  have  been  carried  out  this  year. 
The  results  to  date  show  that  evidence  of  type  E  is 
similar  to  that  observed  in  previous  years. 

In  our  studies  on  Lake  Huron  in  July  1965,  we 
observed  a  large  number  of  sea  gull  mortalities  on  the 
beaches  of  Saginaw  Bay  near  East  Tawas,  Mich. 
(Tawas  Point).  Several  hundred  sea  gulls  were  ob- 
served on  the  beaches  of  the  peninsula.  In  June  of  that 
year,  a  large  die-off  of  alcwife  also  occurred  in  this 
area.  Fish  and  waterfowl  mortalities  continued  to 
occur  (at  a  lesser  extent)  periodically  until  early  falls 
Enrichment  cultures  produced  from  nine  shore  sand, 
obtained  from  the  area  where  the  mortalities  occurred 
were  all  toxic  for  mice.  Of  these  toxic  cultures,  five 
were  positive  for  type  E  toxin.  Also,  cultures  prepared 
from  the  organs  of  several  dead  birds  were  positive  for 
type  E. 

The  same  area  was  under  observation  and  exten- 
sively surveyed  in  1966,  in  order  to  determine  the 
relative  incidence  of  type  E  in  the  environment.  Also 
under  surveillance  were  two  small  islands  (Charity 
and  Dredging)  in  the  Saginaw  Bay  area.  These  un- 
inhabited islands  are  nesting  sites  for  sea  gulls  in  the 
spring  of  the  year.  Table  7  shows  the  results  of  some  of 
the  data  collected  during  that  year.  The  results  in- 
dicate that  the  incidence  of  type  E  in  sand,  water,  and 
fish  from  the  Tawas  Point  area  was  quite  high. 

In  four  of  the  cultures  produced  from  sand,  type  C 
toxin  was  demonstrated  and  one  culture  indicated  the 
presence  of  type  A  toxin.  All  12  samples  of  cultures 
produced  from  soil  collected  from  Charity  Island  (a 
highly  contaminated  area)  were  toxic  for  mice.  Two 
cultures  contained  type  E  toxin  and  six  cultures  type  C 
toxin.  Samples  from  this  area  produced  a  large  num- 
ber of  cultures  which  caused  nonspecific  deaths  in 
mice,  thus  making  it  difficult  to  obtain  a  true  picture 
of  the  incidence  of  the  organism  in  various  samples 
tested.  The  presence  of  type  C  in  the  environment  of 


ill  is  area  was  not  surprising.  The  small  peninsula 
under  observation  has  been  used  by  waterfowl  as  a 
resting  area  during  migration  for  a  number  of  years. 
Although  documentation  is  lacking,  mortalities  have 
been  observed  in  migratory  birds  in  this  area  in  the 
past  due  to  type  C  toxin. 

Cultures  produced  from  various  organs  of  recendy 
dead  and  dying  gulls  were  positive  for  type  E,  but  here 
again,  a  number  of  cultures  were  toxic  for  mice  that 
could  not  be  typed  with  specific  botulinum  antitoxin 
(table  8). 

Although  attempts  to  demonstrate  preformed  toxin 
in  the  blood  of  morbid  or  dead  birds  were  to  a  large 

Table  7.-Distribution  of  Clostridium  botulinum  in 


the  Great  Lakes,  Lake  Hi 

Bay 

Num- 

Num- 

Num- 

ber 

ber 

ber 

type 

Percent 

Other 

tested 

toxic 

E 

type  E 

types 

Tawas  Point: 

Sand.  

76 

39 

25 

64.1 

4C,  1A 

Water 

14 

6 

4 

66.7 

Fish  

55 

29 

13 

44.7 

Charity  Island: 

Soil  

12 

12 

2 

16.7 

6C 

Table  8.— Toxicity  of  cultures  produced  from  the  organs 
of  morbid  and  dead  sea  gulls  (Lauis  sp.) 


Number 

Samples 

toxic 

cultured 

for  mice 

Type  E 

10 

3 

5 

0 

0 

Blood  

6 

2 

I 

2 

2 

I 

Intestine.   

8 

4 

2 

Stomach  contents 

2 

i) 

0 

Intestine  +  stomac 

h..  4 

3 

2 

Total  . 

37 

M6 

39 

'43  perronl. 
'24  percent. 
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extent  unsuccessful,  positive  demonstration  of  type  E 
toxin  in  the  blood  of  dying  waterfowl  from  one  mortal- 
ity was  accomplished.  Similarly,  attempts  at  demon- 
strating preformed  toxin  were  quite  unsuccessful  in 
dead  fish  from  the  field,  because  of  the  many  non- 
specific deaths  which  occurred  when  extracts  of  dead 
fish  were  injected  into  mice.  However,  type  E  toxin 
was  demonstrated  in  several  fish  obtained  from  the 
beach  areas.  In  both  cases,  the  level  of  toxin  detected 
was  quite  low;  somewhat  less  than  100  MLD. 

Discussion 

With  the  few  exceptions  noted,  type  E  was  the 
predominant  botulinum  type  demonstrated  in  all  of 
the  samples  from  the  Great  Lakes.  These  results  were 
not  surprising,  because  of  the  relative  ease  in  which 
type  E  was  demonstrated  in  fish  in  some  of  the  early 
studies.  The  Great  Lakes  receive  drainage  from  many 
rivers  and  soil  from  contingent  land  masses.  These  are 
deposited  around  the  mouths  of  the  rivers.  If  types  A 
and  B  are  endogenous  to  soil,  then  one  would  expect 
demonstrations  of  these  types  in  the  aquatic  environs 
in  certain  areas  of  the  Great  Lakes  with  a  greater 
frequency.  However,  this  was  not  the  case.  One  would 
suspect  that  the  cultural  methods  employed,  partic- 
ularly the  lower  incubation  temperature,  might  be 
selective  for  type  E.  However,  the  several  exceptions 
noted  in  this  study  and  other  studies  would  indicate 
that  botulinum  types,  if  present,  could  be  detected 
under  the  cultural  conditions  employed. 

I-'ish  mortalities  would  contribute  to  the  high  in- 
cidence of  type  E  in  the  areas  studied.  Contaminated 
fish  would  release  the  organism  into  the  environment 
on  decomposing.  Considering  the  large  number  of  fish 
involved  in  the  mortalities  and  the  incidence  of  the 
organism  in  the  fish,  this  would  contribute  signifi- 
candy  to  the  incidence  in  the  environment.  Multipli- 
cation of  type  E  in  Green  Bay  has  been  suggested  for 
the  high  incidence  observed  in  that  area  (2).  Con- 
ditions for  growth  in  regard  to  temperature  and  nutri- 
ents in  the  bay,  as  well  as  other  bays,  arc  conducive  to 
the  growth  of  type  E.  The  demonstration  of  low  levels 
of  type  E  toxin  in  dead  fish  is  an  indication  that  type 
E  organisms  can  proliferate  under  natural  environ- 
mental conditions.  The  unusually  high  incidence  of 
the  organism  in  the  bays  can  be  explained  by  the 
physical  characteristics  of  the  environment.  Less  water 
exchange  with  the  open  lakes  occurs  in  the  shallower 
bays,  hence  the  organism  would  not  be  disseminated 
readily.  The  low-water  levels  of  the  Great  Lakes  of  the 
past  few  years  would  also  be  important  in  the  main- 
tenance of  the  type  E  organism.  The  extended  shore- 
lines as  a  consequence  of  the  low-water  levels  provide 
small  catchment  basins  for  the  dead  fish  along  the 


shoreline,  creating  foci  of  contamination. 

Invertebrates,  plankton,  and  water,  which  were 
shown  by  this  study  to  harbor  the  organism,  are  mean- 
by  which  fish  become  contaminated  during  their  feeds 
ing.  This  is  confirmed  by  our  observation  and  others 
(2)  that  the  incidence  of  type  E  is  higher  in  fish 
containing  food. 

The  observations  on  Lake  Huron  would  indicate 
that  fish  and  waterfowl  mortalities  are  related.  How- 
ever, the  demonstration  of  this  relation  is  not  simple. 
The  amount  of  preformed  type  E  toxin  which  is  neces- 
sary to  induce  botulism  symptoms  in  gulls  (in  the 
laboratory)  is  in  the  order  of  20,000  MLD's  (//).  One, 
therefore,  would  expect  to  demonstrate  toxin  in  field 
samples  more  readily  than  has  been  so  far  possible. 
Considering  the  transitory  nature  of  botulinum  toxin 
as  produced  under  natural  conditions  in  contaminated 
material,  obtaining  samples  with  high  titrcs  of  toxin 
would  indeed  be  quite  fortunate. 

Type  E  botulinum  intoxications  occurring  in  water- 
fowl under  natural  conditions  may  not  require  the 
level  of  toxin  needed  as  observed  in  laboratory  experi- 
ments. As  was  shown  by  Jensen  and  Gritman  (7), 
lower  levels  of  type  E  toxins  when  injected  with  type  C 
toxin  can  induce  symptoms  in  waterfowl.  Since  type  C 
has  been  demonstrated  in  the  environs  where  water- 
fowl mortalities  have  been  observed,  this  could  very 
likely  be  the  situation.  The  relationship  of  type  E  to 
the  large  waterfowl  mortalities  which  occurred  in 
1963-64  is  difficult  to  explain.  These  mortalities  oc- 
curred in  the  fall  of  the  year,  a  time  when  fish  mortal- 
ities do  not  occur.  Unfortunately,  specific  observations 
on  the  environment  where  these  mortalities  occurred 
is  not  available. 

Although  our  observations  and  studies  on  the  distri- 
bution of  type  E  in  the  ecosystem  have  been  fairly 
extensive  these  past  few  years,  they  still  can  be  con- 
sidered quite  limited  when  one  considers  the  large 
number  of  samples  to  be  tested  in  order  for  specific 
conclusions  to  be  reached.  They  do,  however,  indicate 
the  relationships  which  the  various  elements  studied 
have,  in  contributing  to  the  incidence  and  mainte- 
nance of  type  E  in  the  environs  of  the  Great  Lakes 
region. 
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Summary 

Three  distinct  physiological  groups  of  Clostridium 
botulinum  can  be  differentiated  on  the  basis  of  reactions 
on  58  substrates,  acid  and  alcohol  products,  and  lim- 
ited studies  of  protein  metabolism.  Some  other  species 
of  Clostridia  also  have  similar  characteristics. 

Group  I. — C.  botulinum  type  A,  proteolytic 
strains  of  C.  botulinum  types  B  and  F,  and  C. 
sfioTogencs. 

Group  II.— C.  botulinum  types  C  and  D  and 
C.  novyi  type  A. 

Group  III.— Nonproteolytic  strains  of  C.  botu- 
linum types  B  and  F,  type  F,  and  culturally  simi- 
lar organisms  that  are  nontoxic. 
Characteristics  of  the  groups  and  variation  within 
the  groups  are  presented  and  indicate  that  the  three 
cultural  groups  cannot  be  reliably  subdivided  on 
the  basis  of  cultural  reactions,  morphological  charac- 
teristics, or  metabolic  products  other  than  toxins. 

Introduction 

The  most  outstanding  characteristic  of  a  strain  of 
Clostridium  botulinum  is  the  toxin  that  it  produces.  On 
the  basis  of  the  antigenic  specificity  of  the  toxins,  the 
species  has  been  divided  into  six  types,  A  through  F, 
with  the  type  C  having  two  antigenic  subgroups,  Ca 
and  Cp\  In  most  cases  the  cultural  characteristics  of 
the  strains  producing  the  toxin  are  only  of  secondary 
interest.  A  strain  producing  a  toxin  antigenically  and 
pharmacologically  similar  to  another  C.  botulinum 
toxin  is  a  strain  of  C.  botulinum,  no  matter  what  other 
characteristics  it  exhibits,  assuming  of  course  that  it  is 
an  anaerobic,  sporcforming  bacillus.  Nevertheless, 
strains  within  types  or  groups  share  certain  cultural 
and  biochemical  characteristics.  The  purpose  of  this 
paper  is  to  report  the  cultural  and  biochemical  varia- 
tions and  similarities  that  we  have  observed  among 
different  strains  of  the  types  and  among  strains  of 
organisms  that  are  culturally  similar  to  toxigenic 
strains. 

Cultures 

Unless  it  is  otherwise  stated,  the  strains  originally 
were  identified  in  our  laboratory.  All  labeled  strains 


included  in  this  study  were  also  tested  for  toxicity 
and  typed  in  our  laboratory,  using  antitoxin  obtained 
from  the  National  Communicable  Disease  Center. 

Labeled  strains  in  group  I. — C.  botulinum  type  A, 
Prcvot  146.  C.  botulinum  type  B  (proteolytic),  strains 
ATCC  7949  (NCA  213B),  Prevot  24  NCASE,  and 
Smith  A— 1 16.  C.  botulinum  type  F  (proteolytic),  strains 
Gimenez  160  and  Langeland.  C.  sporogenes  (rhizoid 
colony),  strains  ATCC  7905  and  Smith  M-154.  C. 
sporogenes  (nonrhizoid  colony),  strains  ATCC  7955 
(NCA  3679)  and  ATCC  3584.  C.  sporogenes  strain 
designated  "ocean  sediment"  and  Smith  09  (Sec 
reference  (7)). 

Strains  in  group  II.— C.  botulinum  type  C  (toxic). 
Smith  strains  a  and  0.  One  of  the  two  nontoxic 
strains  had  previously  been  toxic  when  we  tested  it. 
C.  botulinum  type  D:  the  one  toxic  strain  was  obtained 
from  Smith;  of  the  two  nontoxic  strains,  one  had 
been  toxic  when  we  tested  it  previously  and  one  was 
ATCC  9633  (South  African  strain).  C.  novyi  type  A, 
strains  ATCC  3540,  ATCC  17861,  Prcvot  669,  and 
Smith  "Prac  B."  Related  Clostridia:  three  of  these  four 
nontoxic  strains  were  received  labeled  as  C.  botulinum 
type  C;  one  had  been  sent  to  us  for  identification. 

Strains  in  group  III. — C.  botulinum  type  B  (non- 
proteolytic), strains  Eklund  17B  and  Prevot  59.  C. 
botulinum  type  F  (nonproteolytic),  strains  Eklund  83F, 
Eklund  202F,  and  one  identified  by  Smith.  C.  botu- 
linum type  E,  strains  ATCC  9564,  "Tenno"  strain 
from  Hobbs,  "Beluga"  strain  from  Hobbs;  Hobbs 
FT-18,  Johannsen  1084,  and  Kautter  066B  TOX. 

Related  Clostridia.— Strains  labeled  "typical"  had 
cultural  reactions  similar  to  C.  botulinum  type  E,  but 
were  nontoxic  and  include  Hobbs  strains  18E,  14G, 
14D,  and  Kautter  strains  066B  NT  (nontoxic),  S-5, 
28-2,  810;  strains  PM-15  and  S-9  also  were  obtained 
from  Kautter,  but  were  more  different,  culturally, 
from  the  toxic  strains  in  this  group  than  arc  the  strains 
labeled  "typical." 

Methods 

General  methods.— Cultures  were  grown  by  the 
anaerobic  culture  methods  described  by  Moore  (4) 
and  characterized  using  the  tests  described  by 
Holdeman  et  al.  (/).  Cultures  were  incubated  in  an 
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atmosphere  of  97  to  100  percent  oxygen-free  COa  for 

5  days  or  3  weeks.  Cultural  results  were  essentially 
the  same  at  5  days  as  at  3  weeks. 

The  pH  in  glucose  broth  cultures  was  determined 
with  a  pH  meter  after  cultures  had  been  incubated 
for  1,  3,  and  5  or  7  days  and  also  at  14  and  21  days, 
for  those  cultures  incubated  for  3  weeks.  In  comparing 
our  results  with  those  obtained  by  other  investigators 
on  the  same  strain,  we  have  noted  that  we  often 
detected  complete  liquefaction  of  gelatin  when  others 
do  not  and  that  wc  failed  to  detect  fermentation  of 
adonitol  by  strains  which  others  found  do  ferment 
adonitol. 

The  major  products  delected  from  growth  in  glucose 
medium,  presented  in  table  4,  were  determined  by 
the  methods  described  by  Moore  et  al.  (5). 

Detection  of  amines,  long-chain  fatty  acids,  and 
neutral  compounds. — Cultures  were  inoculated  into 

6  ml.  chopped  meat-glucose  medium  and  incubated 
for  7  days. 

Culture  extracts  and  derivatives  were  prepared  as 
described  in  figure  1  and  were  chromatographed  on 
a  Beckman  GC-41  gas  chromatograph  using  dual  flame 
detectors,  dual  stainless  steel  columns,  with  helium 
as  the  carrier  gas  at  a  flow  rate  of  48cc  min.  Columns, 
20  feet  long  and  one-eighth  inch  in  diameter,  were 
packed  with  Chromosorb  \V,  80/100  mesh  (AW- 
DMCSJHP2.  Samples  were  run  for  25  minutes;  tem- 
perature was  programmed  from  80°  to  255°C. 

More  details  of  the  method  and  results  with  addi- 
tional strains  and  species  will  be  reported  by  one  of 
us  (JBB)  in  a  doctoral  dissertation. 

Results  and  Discussion 

The  strains  of  C.  botulinum  types  A  through  V  form 
three  major  groups  according  to  their  cultural  char- 
acteristics and  metabolic  products.  Clostridia  that 
have  characteristics  similar  to  those  of  C.  bolulinum 
also  have  been  included  in  this  grouping. 

Group  I.  C.  botulinum  type  A,  proteolytic 
strains  of  C.  botulinum  types  B  and  F  and  C.  sporo- 
genes.— Characteristics  of  these  strains  are  presented 
in  tables  1  and  4.  No  cultural  or  morphological  char- 
acteristic that  can  be  used  to  reliably  separate  the 
toxic  from  the  nontoxic  strains  is  known.  One  of  the 
type  B  strains  had  rhizoid,  "sporogcnes-like"  colonies 
when  originally  tested  and  again  1  year  later  when 
this  culture  was  reexamined  after  lyophilization.  One 
of  the  type  A  strains  was  nonhemolytic  on  agar  con- 
taining horse  blood  and  also  produced  no  reaction  on 
egg  yolk  agar.  Although  these  cultures  no  doubt 
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A.  Procedure  for  Identification  o£  fatty  acids  and  Mines 
Broth 

culture  -  ether  extract  — •  «BF3 

pii  :  ♦  * 

I       neutrals       some  neutralt" 


residual  broth  pH  10  CHClj  extract  +TFA 


B.    Procedure  for  Identification  of  classes  of 


culture  -  CHC1.  extract  — 
fti  2  »  J 

neutrals 
oonplax  cifir.ee 
acids 


♦TFA   

tone  neutrals*'* 
alcohols-TFA 
complex  anime-TTA 
acids 


+BFJ 

*  b 
sane  neutmle 
aleohols-TFA 
eorylcx  arrincc-TPA 
aaide-BF3 


tone  neutrals 
complex  cen.net 
aeide-BPZ 


broth  pH  10  CHC1..  extract  +TFA 
* 


in  italics  uill  chronatograpb. 

BF3  "  boron  trlfluorlde  methanol. 

TFA  ■  trlf luoroacetic  anhydride. 

Sou  neutral  conpounds  for*  TFA  derivatives!  aoae 

Sane  neutral  conpounds  nay  be  lost  by  dilution  or 
tlon  during  acylatioa  or  aethylaclon 


1.- 


for  analysis  of 
culture  fluids. 


represent  rare  exceptions  to  the  general  rule  that  all 
strains  of  C.  bolulinum  and  C.  sporogenes  produce  lipase 
on  egg  yolk  agar  and  that  rhizoid  colonics  arc  C. 
sporogenes  rather  than  C.  bolulinum,  these  types  of  varia- 
tion do  occur  occasionally. 

At  first  wc  did  not  detect,  with  some  of  the  orga- 
nisms in  group  I,  the  marked  fermentation  of  glucose 
and  maltose  that  usually  is  so  characteristic  of  orga- 
nisms in  this  group.  However,  when  the  concentration 
of  peptone  in  the  basal  medium  was  lowered  from  2 
g./lOO  ml.  to  0.5  g./lOO  ml.  weak  acid  production 
could  be  detected  from  both  glucose  and  maltose. 

In  the  medium  containing  2  percent  peptone,  cul- 
tures produced  as  much  total  acid,  quantitatively 
determined,  in  media  without  glucose  as  in  media 
with  glucose,  indicating  that  little  fermentation  of 
glucose  occurred.  The  total  quantity  of  acids  produced 
by  the  cultures  in  basal  peptone-yeast  medium  was 
large  (8  to  10  meq./lOO  ml.). 

In  glucose  cultures  of  the  "ocean  sediment"  strain 
of  C.  sftorogenes,  the  glucose  was  actively  fermented 
and  major  amounts  of  lactic  acid  accumulated.  This 
accumulation  of  lactic  acid  probably  was  responsible 
for  the  lower  pH  obtained  with  this  strain  in  media 
with  a  fermentable  carbohydrate  (table  1). 

Group  II.  C.  botulinum  types  C  and  D  and 
C.  nozryi  type  A.— Characteristics  of  strains  in  this 
group  arc  given  in  tables  2  and  4.  Adequate  study 
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Table  1. -Reactions  of 


strains  of  C.  sporogenes  and  proteolytic  strains  of  C. 
(cultural  group  I) 


typesA,B,F 


Characteristic 


Type  A 


Type  B 


TypeF 


Khi/uid 


Not  rhizoid 


17 


Ocean 


Toxicity    2  +  + 

Digestion  of: 

Gelatin   +  + 

Milk   6/7  4/5 

Meat  +  + 

Lowest  pH  (glucose)   5.4-6.0  5.8-6.1 

Acid  in  media  with: 

Glucose   +  3/5 

Fructose    4/7  1/5 

D(  +  )-maltose   1/7  1/5 

Sucrose   —  — 

Ccllobiose   —  — 

Glycogen   1/7  — 

D  ( 4/ )-mannosc                    -  1/7 

Pectin   —  - 

D-oorbitol  -   2/7  1/5 

H»S  production   5/7  4/5 

Hydrolysis  of: 

Esculin   +  + 

Starch   —  ~ 

6.5  percent  NaCl.  grains   3/7  4/5 

Hemolysis1   ^7  + 

Lipase*    *6/7  + 

Rhizoid  colonies  ,   —  1/5 

Motile    5/7  + 

■Number  of  strains. 

'  +  -  positive  for  all  strains;  -  =  negative  for  all  strains;  iff  =  strains 
positive/strains  tested. 
•Horse  red  Mood  cells, 
■r-eir  yolk  scar. 

The  same  culture  that  does  not  lyae  horse  red  blood  cells  also  does  not 
produce  lipase. 

•Both  lipase  positive  and  lipase  negative  variants  consistently  were 
la  one  culture.  Subcultures  from  lipase  positive  colonies  also 
i  thst  did  not  | 


+ 
1/2 
+ 
5.93 


1/2 

+ 
1 


+ 

14/17 

+ 

5.5-6.2 

14/17 
5/15 

1/17 
1/17 
1/17 

1/17 

15/17 

+ 
1/17 
12/17 
+ 
«+ 
+ 
15/17 


+ 
+ 
1/2 
5.9-6.0 


+ 


+ 
+ 

4.95 

+ 

+ 


+ 
+ 
+ 
+ 

+ 


NH..  sre 


^  la 


NOTES.— All 

glucose  sgar  deeps. 

No  strain  produces  add  from  adonitol,  amygdalin,  L-arabinose,  i 
dulcitol,  DL-erythritol.  esculin,  D-galactose.  glycerol,  inositol, 
lartciae,  D-mannitol,  melesitose,  BKiiibicxu!.  ruttinnsr,  rhjimnose,  D(  — )  - 
ribose,  ulicin,  L-sorbose,  starch,  trehalose,  D-xyloae. 

Except  where  indicated,  unusual  reactions  were  not  associated  with 


of  this  group  of  C.  bolulinum  was  not  possible  because 
there  were  so  few  toxic  strains  available  for  exami- 
nation. 

We  became  aware  of  the  similarity  between  strains 
of  C.  bolulinum  type  C  and  C.  novyi  type  A  when  we 
were  examining  some  nontoxic  strains  labeled  C. 
bolulinum  type  G  (designated  "related  Clostridia"  in 
tabic  2).  When  these  cultures  were  grown  in  egg  yolk 
agar,  we  noted  an  opaque  zone  (presumably  due  to 
lecithinase  activity)  in  the  agar  around  the  colonies. 
This  opaque  zone  extended  far  beyond  the  pearly 
zone  that  was  over  and  immediately  around  the 
colonies  and,  except  for  intensity,  was  similar  to  the 
reaction  on  egg  yolk  agar  exhibited  by  C.  novyi  type 
A  strains.  The  opaque  zone  produced  by  these  "re- 
lated strains"  was  much  lighter  than  that  produced 
by  C.  novyi  type  A  strains,  but  it  was  nonetheless 
present.  We  have  not  determined  whether  these  are 
nontoxic  variants  of  C.  bolulinum  type  C  (as  labeled) 
or  nontoxic  strains  of  C.  novyi  type  A  that  do  not 
produce  much  lecithinase.  There  was  no  characteristic 


colonial  or  cellular  morphology  by  which  species  of 
cultural  group  II  might  be  differentiated. 

Fermentation  acids  produced  by  the  various  strains 
in  this  group  (table  4)  were  similar.  Acetic,  propionic, 
and  butyric  acids  were  the  major  products  from 
fermentation  of  glucose  and  lactate;  acetic  and 
butyric  acids  were  produced  from  pyruvate.  These 
acids  were  produced  in  different  ratios  from  the  dif- 
ferent substrates  (table  5). 

Thus,  a  greater  amount  of  acid  and  more  propionic 
acid  were  produced  from  lactate  than  from  glucose 
or  pyruvate.  We  have  found  very  few  other  species  of 
anaerobic  bacteria,  either  spore-formers  or  non-spore- 
formers  that,  in  our  test  system,  produce  appreciably 
larger  amounts  of  propionate  from  lactate  than  from 
glucose. 

Group  III.  C.  bolulinum  type  E,  nonproteolytic 
strains  of  types  B  and  F,  and  related  organisms. - 

Characteristics  of  strains  in  this  group  arc  given  in 
tables  3  and  4.  A  few  of  the  toxic  type  E  strains 
decreased  the  pH  in  basal  peptonc-ycast  media  so 
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Table  2. -Reactions  of 


strains  of  C.  botulinum  types  C  and  D,  C  novyi  type  A,  and  related 
(cultural  group  II) 


C. 


Type  D 


Characteristic 


'2 


TypcC 


Related 
Clostridia 


C. 

Type  A 


Toxicity     2  — 

Digestion  of: 

Gelatin  . . .  + 

Milk                    .  .  1/2 

Meat   - 

Lowest  pH  (glucose)   5.2-5.4 

Acid  from: 

Glucose.    + 

D-fructose  -  — 

D-galactose   — 

Glycerol   + 

Inositol    + 

D  ( +  )-maltose   ■+■ 

D  (  +  )-mannose   + 

Mclibiosc     - 

Pectin . .  — 

D(-)-ribo8c   + 

Adonitol  

L-arabinosc   — 

Ccllobiosc. ...  — 

Dextrin    — 

DL-erythritoi  

Esculin    — 

Glycogen   — 

Inulin  

Salicin 

D-sorbitol  

L- sorbose   — 

Starch   - 

Sucrose   — 

Trehalose  

Indol  production   — 

6.5  percent  NaCl,  grain  _  _  — 

Hemolysis*.   

Leci  t  hin  ase4   — 

Lipase4.   + 

Rhizoid  colony   — 

■Number  of  stntlon  U»t«-d. 
*  -I-  —  positive  for  all 
positive/strain*  lated. 
'Horse  blood  cells. 
'E.fX  yolk  agar. 

Noras.— All  strains  are  anaerobic  and 


+ 

t 
5.2 


■ 


+ 

-f 

+ 

■ 

1/2 

1  /4 

_ 

1  /4 

_ 

5.1-5.2 

5.2-5.7 

4.9-5.3 

5.5-5.6 

+ 

-r- 

+• 

i 

+ 

■ 

1 12 

3/4 

1 

-J- 

2/4 

_ 

4- 

< 

2/4 
+ 

2/3 

< 

+ 

-r- 

1  /4 

1 12 

2/4 

-|_ 

+ 

i 

+ 

2/4 

1/2 

2/4 

1/4 

+ 

+ 

3/3 

3/4 

-r 

+ 

1/4 

3/4 

u  I  a 

+ 



2/4 

1/2 

— 

1/4 



2/4 

1/4 

1/4 

2/4 

3/4 

1/4 

1/4 

2/4 

1/4 

2/4 

2/4 

3/4 

1/2 

2/4 

1/4 

2/4 

1/2 

2/3 

+ 

+ 

+ 

weak 

+ 

+ 

+ 

+ 

i  if*  - 


No  strain  produces  HjS  or  hydrolyxea  esculin  or  starch. 
No  strain  produces  acid  from  amygdalin,  dulcitol,  lactose, 
melcxitose,  xylose. 

Except  whr 
I  strain. 


with) 


much  that  determination  of  acid  production  from 
carbohydrate  was  difficult.  Results  designated  positive 
for  acid  production  in  table  3  represent  pH  values  at 
least  0.5  unit  lower  than  that  found  in  the  basal 
medium. 

In  the  group  of  nontoxic  organisms  that  might  be 
related  to  these  nonproteolytic  strains  of  C.  botulinum, 
we  included  strains  (designated  "typical"  in  table  3) 
that  had  cultural  reactions  similar  to  the  toxic  strains 
in  group  III  and  two  strains  (PM-15  and  S-9)  that 
were  different  culturally  but  had  been  found  to  be 
serologically  related  to  toxic  type  E  strains  (6). 

In  an  effort  to  determine  whether  in  the  past  we 
had  examined  other  strains  of  Clostridia  that  should 


be  included  in  this  group,  we  coded  many  of  the 
characteristics  that  were  uniformly  positive  and  some 
that  were  uniformly  negative  for  toxic  type  E  strains. 
Then  by  computer  wc  compared  about  400  Clostridia 
to  select  the  strains  that  were  identical  in  21  of  the  22 
characteristics  indicated. 

To  allow  for  a  coding  error  or  strain  variation, 
absolute  agreement  was  not  requested.  Positive  char- 
acteristics coded  were:  gram-positive,  motile,  anaero- 
bic, rods,  forming  gas  from  glucose,  producing 
moderate  or  greater  amounts  of  butyric  and  acetic 
acids,  and  fermenting  glucose,  fructose,  maltose, 
mannose,  sucrose.  Negative  characteristics  coded 
were:  no  fermentation  of  lactose,  no  production  of 
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Table  3.— Reactions  of  strains  of  C.  botulinum  type  E,  nonproteolytic  strains  of  types  B  and  F, 
and  of  related  organisms  (cultural  group  III) 


Characteristic 


B 

>2 


C. 


types 


E 


Typical 


Related 


PM-15 


S-9 


Toxicity   *+  +  +  -- 

Hemolysis'   +  +  +                   +                +  + 

Lipase'.    +  +  +                   +                +  + 

Lecithin  ase*    _____  - 

Rhizoid  colony   _____  - 

-~   +  +  5/6                 7/8                +  + 

Lowest  pH  (glucose)'*.'. 5.3-5.6  5.0-5.4  5.0-5.5  5.0-5.5               5.2  5.45 
Acid  from: 

Glucose   +  +  +                   +                +  + 

  -  2/3  -                  3/8  v 

   -  -  1/8 

Dextrin   1/2  1/3 

Esculin   1/2  2/3  -  - 

D-fructose   +  +  +                   +                +  + 

D-galactosc   1/2  -  -                   -  - 

Glycogen   +  —  —                    —                 —  — 

Inositol   —  +  1/8                 -  — 

D(  +  )-maltose   1/2  +  +                   +  + 

D-mannitol.   —  —  —                    —                 +  — 

D(+)-mannose   +  +  +                   +  + 

Melezitosc   -  -  +                  4/8                 -  - 

Pectin    1/2  1/3  5/6                  7/8                 +  + 

D(-)-ribose   1/2  +  +                  6/8  v 

Salicin   —  -  -                   -                4-  — 

D-wrbitol   +  2/2  5/6                  7/8                 +  + 

Starch   1/2  -f  4/6                  6/8                 +  + 

Sucrose     +  +  +                   +                 ▼  ~ 

Trehalose   +  +  5/6                 7/8  + 

D-xylosc   -  -  -                  1/8  - 

Hydrol.  of: 

Esculin    -  -  1/6                    -  + 

Starch  ....  -  +  4/6                6/8                -  + 

6.5  percent  NaCI,  grain   —  —  —                    —                  —  — 

"Boticin"  production*   3/4  —  — 

Serologically  related  to  E*_  _  _  _    2/2  4/4  +  ± 

'NumhT  nf  xrruins  tevted.  NoTBg.— All  strain*  are  anaerobic  gram-poaitivc,  motile  bacilli  that  form 

•  +  -  all  atraina  posUlve:  -  -  all  utralna  oefaUve;  /itraln*  positive/  oval,  subterminal  spores.  All  strains  produce  (as  in  glucose  agar  deeps. 

strains  testod;  v  —  variable  rasults  on  replicate  tests.  No  strain  produces  HaS,  indol:  nitrates  not  reduced. 

'Ho™  red  blood  cells.  No  strain  produces  acid  from  adonitol  (see  discussion),  duldtol,  eryth- 

'Ens  yolk  agar.  rltol,  glycrrol,  inulin,  Ucto— ,  mellbiow,  rmffino— ,  rhamnose,  lorboM. 

•As  reported  by  Kautter  et  al.  (1»S6),  Lynt  et  al.  (1967),  and  Solomon  Eicept  where  indicated,  unusual  reactions  were  not  associated  with  any 

eta!.  (1968).  I  strain. 


indol,  no  major  amount  of  lactic  acid  from  glucose, 
and  no  moderate  or  greater  amounts  of  caprylic, 
heptanoic,  caproic,  valeric,  isovaleric,  isobutyric,  or 
propionic  acids  from  glucose.  Production  of  toxin, 
hemolysin,  lipase,  or  spores  was  not  included  in  the 
comparison. 

Because  we  required  agreement  of  only  21  of  the 
22  characteristics  listed,  strains  of  C.  chauvoei  and  of 
C.  butyrieum  (both  of  which  ferment  lactose)  were 
selected,  as  were  two  strains  of  non-spore-forming 
anaerobes  and  PM-15.  With  these  exceptions,  no 
other  organism  similar  to  the  toxic  organisms  in  group 
III  was  selected.  Labeled  Clostridium  strains  bearing 
more  than  80  different  species  names  and  many  un- 
identified Clostridia  were  represented  in  the  collection 


subjected  to  analysis.  The  S-9  strain  was  not  selected 
because  it  ferments  neither  maltose,  mannose,  nor 
sucrose.  Both  S-9  and  PM-15  appear  to  be  more 
closely  related  to  the  toxic  strains  in  group  III  than  to 
any  of  the  other  Clostridia  that  we  can  now  recognize. 

Amines  long-chain  fatty  acids,  and  neutral  com- 
pounds produced  by  strains  of  C.  botulinum  and 
related  organisms.— The  following  portion  of  this 
report,  concerning  these  soluble  compounds  present 
in  culture  fluids,  should  be  considered  preliminary 
because  we  have  studied  only  a  few  strains.  Never- 
theless, the  general  types  of  compounds  that  have 
been  detected  are  of  interest  and  are  pertinent. 

By  using  combinations  of  extraction  methods  and 
treatment  with  trifluoroacetic  anhydride  (TFA)  or 
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Group  I1 


Group  II 


Group  III 


ACETIC  3.0-4.0. 

propionic  -  0.2-0.3. 

ISOBUTYRIC  


BUTYRIC1  

iSDVATEkic. 

valeric  .  -  - 


lsucapr 
lactic'. 


3.0-4.0. 


0.0-tr. 

succinic   0.0-tr. 

mod. 


ACETIC  0.0-1.0. 

PROPRIQNIC   1.5-2.5. 


ACETIC. 


1.5-3.0. 


lactic..   tr-mod.  lactic... 

succinic  tv— mud.    succinic  - 

formic    0.0-tr. 


1.0-1.5. 
1.5-2.0. 


'Group  I:  C.  botulinum  type  A,  proteolytic  strains  of  types  B  and  P.  and  C.  npcrootntf.  Group  II:  ('.botulinum  types  C  and  D  and  C.  notyi  type  A.  Group  III: 
C.  boiulinvm  type  E,  nonproteolytic  strains  of  types  B  and  F,  and  rotated  nontoxic  Clostridia. 

•One  strain  of  C.  botulinum  type  A  is  unusual  in  that  very  little  butyric  acid  is  produced.  The  other  products  of  this  strain  are  similar  to  those  of  t 
organisms  in  this  group. 

'In  cultures  of  1  strain  of  C.  tporoatma  (labeled  ocean  sediment)  major  quantities  of  lactic  add  accumulate.  The  other  acids  ] 
similar  to  those  produced  by  the  other  organisms  in  this  group. 

Note.— Upper  case  letters,  underlined  -  products  present  in  major  amounts  (>  1.0  meq./lOO  ml.).  Upper  case  letters  -  products  present  in  moderate 


>  (0.26  to  1.0  roeq./lOO  ml.).  Lower 
I  in  milltequlvalenta  per  100  ml.:  tr  -  trace;  mod  - 


Table  5.— Major  products  of  fermentation  of  group  II 


nta  (  <0.25  meq./lOO  ml.).  Numerals  -  approximate 


Ratio 


Total* 

Substrate  acids  Acetic 

Peptone-ycast  (PY)   1.0  1 

PY-glucosc   4.7  1 

PY4actatc   8.5  1 

PY-pyruvatc   4.8  1 

'Total 


Butyric 


2.0 
4.0 

5.0 


2.0 
5.0 
2.5 
1.8 


and  butyric  adds 


boron  trifluoride  methanol  (BF3),  we  have  been  able 
to  identify  classes  of  compounds  as  well  as  a  variety 
of  individual  compounds  (fig.  1).  By  comparing  the 
retention  times  of  peaks  from  treated  culture  extracts 
with  those  of  known  compounds  similarly  treated,  wc 
have  tentatively  identified  18  amines  and  23  fatty 
acids.  Identification  was  further  substantiated  by  using 
several  conditions  of  operation;  e.g.,  different  tem- 
perature programs,  carrier  gas  flow  rates,  and  column 
packings. 

Unless  present  in  very  high  concentrations,  natural 
(neither  methylated  nor  acylatcd)  acids  and  most 
alcohols  and  amines  do  not  elutc  from  the  Chroniosorb 
W  packing  material;  even  then,  resolution  is  poor 
and  peaks  are  small  and  not  well  defined.  To  reduce 
their  affinity  for  the  packing  material  and  permit 
clution  of  these  compounds  from  the  column,  charged 
groups  can  be  acylatcd  (amino  and  hydroxyl  groups) 
with  TFA  or  methylated  (carboxyl  groups)  with  BF3. 
Natural  aldehydes,  ketones,  and  tertiary  alcohols  and 
amines  will  clute  from  the  Chroniosorb  W. 

An  example  of  the  differentiation  of  classes  of  corn- 


Figure  2. -Differentiation  of  neutral 
acids,  and  alcohols  by  formation 
by  mothylation.  CHCI,  extracts  of  acidified 

C.  botulinum  type  C. 

pounds  present  in  one  culture  fluid  is  presented  in 
figure  2. 

Bottom  chromatography  "medium":  Com- 
pounds represented  by  peaks  h,  i,  j,  k,  1,  o,  and 
p  are  present  in  CHCLa  extracts  of  the  acidified 
uninoculated  medium  and  still  are  detected  after 
acylation  and  methylation  (chromatographs  B 
and  C). 
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Chromatograph  A:  Compounds  extracted  at 
pH  2  from  the  broth  culture  are  represented  by 
peaks  c  and  d.  These  probably  are  aldehydes  or 
ketones.  Such  compounds  may  be  partially  or 
completely  lost  during  acylation  or  methylation 
procedures,  possibly  from  boiling,  evaporation,  or 
dilution  (see  peaks  c  and  d,  chromatograph  B 
and  peak  d,  chromatograph  A). 

Chromatograph  B:  After  the  CHCLt  extract  of 
acidified  culture  was  treated  with  TFA,  the 
TFA-alcohoIs  (peaks  b  and  e)  arc  chromato- 
graphed.  The  TFA  derivatives  represented  by 
peaks  b  and  e  were  not  stable  when  acidified  (1 
percent  HC1,  final  concentration)  and  heated; 
TFA-aminc  compounds  are  stable  to  such  treat- 
ment, TFA-alcohol  compounds  are  not  and  are 
lost  during  methylation  procedures  (sec  chroma- 
tograph C). 

Chromatograph  C:  Fatty  acids,  extracted  with 
cither  ether  or  chloroform,  are  not  detected  undl 
they  have  been  methylated  (peaks  a,  f,  g,  m, 
and  n). 

TFA  derivatives  of  amines  subsequently  extracted 
from  this  culture  broth  after  die  pH  had  been  raised 
to  10  and  the  extract  had  been  treated  with  TFA 
are  shown  in  figure  3,  bottom  chromatograph. 
(Chromatographs  of  the  uninoculated  medium  con- 
trols for  the  TFA-treated  CHCU  extracts  at  pH  10 
are  shown  in  fig.  8  (chromatographs  B-l  and  B-2). 
In  all  of  the  experiments  reported  here,  one  n\  was 
the  largest  test  sample  injected.) 

The  chromatographs  of  TFA-attiincs  from  repre- 
sentative strains  of  cultural  groups  I,  II,  and  III  arc 
shown  in  figure  3.  Chromatographic  profiles  of  amines 
produced  by  different  strains  in  cultural  groups  I,  II, 
and  III  are  shown  in  figures  4,  5,  and  6,  respectively. 
The  ordinates  represent  detector  response  and  the 
abscissas  represent  0  to  25  minutes. 

The  profiles  for  strains  of  type  A,  proteolytic  type 
B,  proteolytic  type  F,  and  C.  sporogenes  (cultural  group 
I)  are  very  similar  (fig.  4).  We  originally  thought 
that  the  larger  relative  amount  of  n-dibutylamine- 
TFA  consistently  seen  in  chromatographs  of  the 
Langeland  type  F  strain  might  be  characteristic  for 
all  proteolytic  strains  of  type  F,  but  this  is  not  true. 
The  Gim6nez  strain  of  type  F,  like  other  strains  in 
cultural  group  I,  has  the  lesser  relative  amount  of  n- 
dibutylamine. 

In  the  chromatograph  of  the  C.  sporogenes  cultural 
extract,  the  notch  on  peak  c  and  the  two  notches  on 
the  preceding  peak  appear  to  constitute  a  difference 
between  C.  sporogenes  and  the  toxic  strains.  In  other 
preparations  from  C.  sporogenes  cultures,  these  peaks 
arc  much  smaller.  Compounds  clutcd  in  12  to  15 
minutes  have  retention  times  similar  to  those  of  sub- 
stances obtained  from  the  uninoculated  medium  (fig. 


Figure  3.— Chromatographs:  TFA  derivatives  of  CHCIs  ex- 
tracts of  alkaline  whole  cultures  of  C.  batulinum. 


Figure  4.— Chromatographs:  TFA  derivatives  of  CHCIs  ex- 
tracts of  alkaline  whole  cultures  of  C.  sporogenes  and 
proteolytic  C.  botulinum  strains,  group  I. 


8,  chromatograph  B-2).  In  this  area  of  the  chromato- 
graphs, differences  in  peak  heights  may  not  be  very 
reliable. 

In  interpreting  these  chromatographs,  presence  or 
absence  of  peaks  and  relative  ratios  of  peak  areas  are 
more  important  than  individual  peak  height.  When 
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the  amount  of  sample  is  increased  only  a  few  hun- 
dreths  of  a  microliter,  some  peaks  may  be  completely 
obscured  by  the  increased  size  of  neighboring  peaks; 
also,  isolated  smaller  peaks  may  be  greatly  increased 
in  height. 

Strains  of  C.  botulinum  types  C  and  D  (toxic  strains) 
and  C.  novyi  type  A  (cultural  group  II)  character- 
istically produce  large  quantities  of  uo-amylamine 
and  phenethylamine  (figs.  3,  5). 

The  chromatography  of  the  amines  produced  by 
the  nonproteolytic  strains  of  types  B  and  F  and  type 
E  (cultural  group  III)  are  remarkably  similar  (fig. 
6).  Note  in  particular  the  notched  peak  (fig.  3,  peak 
figure  6,  preceding  peak  d),  which  has  appeared  in 
chromatographs  of  all  of  the  strains  in  this  group 
which  we  have  examined,  including  some  of  the  rel- 
ated Clostridia  (strains  810,  S-9,  and  28-2). 


».  TTJ« 


Figure  5.— Chromatographs:  TFA  derivatives  of  CHCI»  ex- 
of  alkaline  broth  cultures  of  C.  botulinum  types  C 
and  D  and  C  novyl  type  A  group  II. 


Except  for  the  three  nontoxic  organisms  men- 
tioned, only  toxic  strains  of  C.  botulinum  have  been 
examined  for  amines.  We  have  studied  at  least  three 
strains  of  each  subgroup  (or  all  of  the  strains  available) 
and  three  strains  each  of  C.  sfiorogenes  and  C.  novyi 
type  A. 

Amines  produced  by  strains  within  each  of  the 
three  cultural  groups  (as  previously  defined)  were 
very  similar  and  we  have  been  unable  to  use  this 
analysis  to  differentiate  with  certainty  among  strains 
within  each  group.  Analysis  of  amines  produced  by 
these  organisms  extends  and  further  confirms  the 
previous  observations  that  organisms  within  the 
groups  are  metabolically  similar. 


Figure  6.— Chromatographs:  TFA  derivatives  of  CHCIa  ex- 
of  alkaline  whole  culture  of  nonproteolytic  C.  hot- 
utinum  strains,  group  III. 


Chromatographic  patterns  of  methylated  ether  ex- 
tracts of  whole  cultures  are  shown  in  figure  7. 
(Chromatographs  of  the  uninoculated  medium  con- 
trols for  these  methylated  ether  extracts  at  pH  2  are 
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Figure  7.— Chromatographs:  methylated  ether  extracts  of 
acidified  whole  cultures  of  C.  botulinum. 
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shown  in  fig.  8,  chromatographs  A-l  and  A-2.) 
Individual  chromatographs  in  figure  7  represent  the 
general  types  of  fatty  acids  and  neutral  compounds 
produced  by  all  members  of  each  cultural  group 
represented.  Differences  among  the  short-chained 
fatty  acids,  not  so  easily  seen  here,  are  similar  to 
those  previously  described  by  Moore  et  al.  (5),  who 
used  direct  isothermal  chromatography  of  ether 
extracts  of  whole  cultures  on  resoflex  columns. 


Figure  8.— Chromatographs:  uninoculated  chopped  meat 
medium. 
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CLOSTRIDIUM  BOTULINUM  TYPE  E  IN  AN  INLAND  BAY 
(GREEN  BAY  OF  LAKE  MICHIGAN) 
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Beginning  in  1960  a  series  of  six  type  E  botulism 
outbreaks  have  occurred  in  the  United  States  (J,  2). 
Half  of  these  were  due  to  a  single  product:  whitcfish 
chub  or  cisco  caught  in  the  Great  Lakes  and  smoked 
by  commercial  operators.  Although  any  outbreak  of 
botulism  is  important,  one  in  1963,  involving  17  cases 
with  five  deaths,  emphasized  the  magnitude  of  die 
problem  posed  by  the  fish  in  these  lakes.  Since  that 
time  work  has  been  going  on  at  the  University  of 
Wisconsin,  currently  in  the  Food  Research  Institute, 
on  the  presence  of  Clostridium  botulinum  type  E  in  the 
Great  Lakes  with  the  hopes  of  explaining  the  high 
concentration  of  the  organism  in  some  of  these  lakes. 

The  source  of  the  C.  botulinum  type  E  on  the  smoked 
fish  responsible  for  the  outbreaks  was  soon  shown  to 
be  the  fish  themselves.  Type  E  organism  was  found 
in  the  intestinal  contents  of  fish  from  all  these  lakes 
(Lake  Ontario  not  studied)  although  the  percentages 
of  fish  carrying  the  organism  varied  with  the  lakes 
and  within  a  given  lake  (table  1),  These  figures 
represent  the  totals  for  all  species  of  fish  and  for  all 
times  of  the  year,  since  these  factors  did  not  ap- 
preciably affect  the  incidence  figures. 

Of  particular  interest  was  the  unusually  high  56 
percent  incidence  for  fish  of  Green  Bay.  The  bay  is 
an  arm  of  Lake  Michigan  and  is  approximately  125 
miles  long  by  less  than  20  miles  wide  with  a  maximal 
depth  of  20  fathoms.  Figure  1  is  an  oudine  map  of 
Green  Bay;  the  locations  of  the  numbers  indicate  die 
general  areas  where  groups  of  fish  were  caught  for 


Table  1.— Incidence  of  C.  botulinum  type  E  in  the 
intestinal  contents  of  fish  from  the  Great  Lakes' 


Number  of 

Percent  with 

location 

fish  tested 

type  E 

Erie  

363 

2 

289 
224 

4 

3 

240 

3 

60 1 

<l 

Duluth  Harbor  and 

213 

12 

1,037 

8 

855 

56 

'From  reference  (3). 


Figure  1.— Incidence  of  C.  botulinum  type  E  in  fish  from 
different  parts  of  Green  Bay.  Numbers  are  percentages 
positive;  location  of  numbers  indicates  general  area  where 
fish  were  caught. 

testing  and  the  numbers  represent  the  percentages 
among  the  50  or  more  fish  per  location  which  were 
positive  for  type  E.  Except  for  one  location  having  a 
4-percent  incidence,  at  least  25  percent  of  the  fish  of 
all  parts  of  the  bay  had  the  organism  (4).  Because  of 
the  proximity  of  Green  Bay  to  our  laboratory,  most 
of  the  subsequent  work  has  been  focused  on  this  area, 
although  fish  from  certain  areas  of  Lake  Michigan 
proper  have  a  similar  carrier  rate  of  type  E  (Graikoski, 
personal  communication). 

Since  C.  botulinum  type  E  was  common  in  the  fish 
of  Green  Bay,  its  occurrence  in  the  free  environment 
of  the  bay  was  studied.  Mud,  sand,  soil,  etc.,  were 
collected  from  representative  areas  of  the  Bay,  its 
tributary  rivers  and  from  land  areas  around  these 

287 
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waters.  Samples  identified  as  bottom  deposits  were 
mud  and  sand  from  the  deepest  part  to  near  the 
shore  while  similar  materials  obtained  within  a  foot 
of  the  water's  edge  were  classified  as  shoreline  speci- 
mens; both  types  are  under  water  and  hence  wet 
specimens.  Shore  specimens  were  dry  earth  taken  at 
locations  20  to  150  feet  inland  from  bay  or  lakes  or  6 
to  20  feet  from  rivers.  Soil  samples  were  those  obtained 
from  gardens,  fields,  woods,  etc.,  at  least  half  a  mile 
or  more  from  any  permanent  body  of  water.  Figure  2 
illustrates  the  sampling  stations  with  the  exception  of 
31  other  locations  from  which  soil  specimens  were 
taken;  these  are  much  further  inland  than  those 
shown.  The  inset  gives  the  sampling  locations  along 
the  Fox  River  which  is  the  largest  river  flowing  into 
Green  Bay. 

The  results  are  shown  in  table  2  which  brings  the 
previously  published  data  (5)  up  to  date.  The  number 
of  samples  in  which  type  E  was  detected  is  given  as 
the  fraction  of  those  samples  which  could  be  shown 
to  have  but  little  inhibitory  activity  against  C.  botu- 


tinum  type  E.  The  latter  was  determined  in  a  control 
culture  in  which  a  duplicate  enrichment  culture  of 
the  test  sample  was  inoculated  with  approximately 
100  typc-E  spores.  Failure  to  detect  type  E  toxin 
after  incubation  of  such  a  culture  showed  that  the 
sample  contained  factors  which  could  mask  the 
presence  of  the  type  E  organism.  These  specimens  arc 
given  as  samples  with  negative  controls  and  are  omit- 
ted from  the  incidence  figures  since  they  could  include 
false  negative  results. 

C.  bolulinum  type  E  was  present  in  over  90  percent 
of  the  wet  samples  obtained  from  the  main  body  of 
Green  Bay  and  LitUe  Bay  dc  Noc  with  a  lower  inci- 
dence 68  percent  of  those  from  Big  Bay  de  Noc.  The 
high  percentage  of  type  E  positive  wet  samples  col- 
lected just  outside  of  Green  Bay  in  Lake  Michigan 
was  not  surprising,  since  the  flow  from  Green  Bay 
into  Lake  Michigan  would  be  expected  to  disseminate 
the  organism.  It  is  evident  that  the  incidence  of  type 
E  was  significandy  lower  in  the  shore  (i.e.,  dry)  speci- 
mens taken  adjacent  to  the  locations  whose  wet 
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Table  2.— Occurrence  of  C.  botulinum  type  E  in  bottom,  shoreline,  shore  and  soil  samples  from  Lake  Michigan, 
Green  Bay,  Little  Bay  de  Noc,  Big  Bay  de  Noc,  and  the  Green  Bay  watershed 


For  samples  with  positive  control 


Number  of  samples  with         Number  of  type  E/ 
Location  and  sample  negative  control  number  of  samples  Percent 


Lake  Michigan: 

Bottom  and  shoreline  0 

Shore  0 

Green  Bay: 

Bottom  and  shoreline  2 

Shore  -  -   0 

Little  Bay  de  Noc: 

Bottom  and  shoreline    0 

Shore  0 

Big  Bay  de  Noc: 

Bottom  and  shoreline.   3 

Shore  0 

Fox  River  system: 

Bottom  and  shoreline     36 

Shore .     3 

Other  rivers  and  lakes: 

Bottom  and  shoreline   14 

Shore    3 

Soils     -  0 


samples  contained  the  organism.  Furthermore,  the 
organism  could  be  detected  in  only  5  percent  of  the 
soil  specimens  representing  the  land  mass  in  which 
the  water  supply  of  Green  Bay  originates. 

These  results  have  been  used  to  suggest  the  possible 
origin  of  the  high  incidence  of  C.  botulirmm  type  E  in 
Green  Bay  (5).  Two  possibilities  could  explain  the 
consistent  findings  of  C.  botulinum  type  E  in  Green 
Bay  bottom  deposits.  The  first  would  be  the  catchment 
basin  concept  which  has  been  proposed  to  explain 
the  foci  of  high  concentrations  of  this  organism  in 
marine  areas  off  northern  Japan  (6",  7),  British 
Columbia  (8),  and  in  the  Baltic  Sea  (9).  According 
to  this  theory,  C.  botulinum  type  E  is  of  terrestrial 
origin  and  is  carried  by  the  runoff  water  to  the  sea 
where  it  is  concentrated.  The  other  possibility  would 
consider  active  multiplication  of  the  organism  in  the 
area  of  high  incidence  as  more  important  than  the 
passive  accumulation.  In  the  case  of  Green  Bay,  both 
may  be  operative  but  the  latter  seems  the  more 
important  and  could,  of  itself,  account  for  the  follow- 
ing observations: 

The  findings  for  the  wet  (bottom  deposit)  speci- 
mens of  the  rivers  exclusive  of  the  Fox  River  present 
an  interesting  pattern  when  the  sampling  sites  are 
related  to  the  distance  from  die  mouth  of  the  rivers 
(table  3).  Type  E  was  present  at  approximately 
one-half  of  the  6 1  locations  within  7  miles  of  Green 
Bay  but  in  only  one  of  21  specimens  collected 
further  upstream.  It  would  seem  that  if  the  major 
source  of  C.  botulinum  type  E  in  Green  Bay  is  the 
organisms  being  washed  down  from  the  surrounding 
land  areas,  a  more  even  distribution  of  the  organism 


49/54 

91 

10/18 

56 

62/64 

97 

8/22 

36 

24/26 

92 

2/8 

25 

17/25 

68 

0/9 

0 

5/130 

4 

1/75 

1 

33/85 

39 

4/53 

8 

5/109 

5 

Table  3.-Decreasing  incidence  of  C.  botulinum  type  E 
in  rivet-bottom  and  shoreline  samples  with 
increasing  distance  from  Green  Bay 


Number  of  samples  with 
Distance  from  Green  Bay    type  E/number  of  samples  with 
(miles)  positive  control 


<2.0     14/25 

2.0  to  3.9  -  5/12 

4.0  to  6.9  _  12/24 

7.0  to  9.9   0/8 

I0.0tol4.9   1/9 

>15.0   0/4 


along  the  entire  length  of  the  rivers  would  have 
been  found. 

The  catchment  basin  theory  does  not  hold  for  the 
Fox  River  system  in  which  the  upper  Fox  is  sepa- 
rated from  the  lower  Fox  River  by  Lake  Winne- 
bago. With  5  percent  (three  of  66)  of  the  wet 
samples  of  the  upper  Fox  positive  for  type  E,  the 
theory  would  predict  a  high  level  of  botulinal 
organism  in  Lake  Winnebago.  This  is  not  the  case; 
the  organism  was  found  in  only  one  of  30  samples 
taken  from  this  lake. 

The  numbers  of  type  E  in  the  wet  samples  of 
Green  Bay  and  the  rivers  are  of  different  magni- 
tudes. Whereas  Green  Bay  materials  usually  have 
from  100  to  over  1,000  type  E  per  g.,  with  a  high  of 
36,000/g.,  those  from  the  rivers  seldom  exceed  10 
per  gram. 

The  affinity  of  type  E  for  the  aquatic  environment 
is  shown  when  the  locations  of  soil  specimens  of  the 
drainage  basin  (table  2)  which  arc  positive  for  type 
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E  are  considered.  Of  the  five  locations  at  which 
type  E  was  found,  three  were  sites  less  than  0.5 
miles  from  Green  Bay.  Enumeration  of  type  E  in 
specimens  taken  at  various  distances  on  a  transect 
heading  inland  from  the  bay  (table  4)  emphasized 
the  difference  between  the  water  and  the  land,  C. 
botulinum  type  E  disappearing  within  a  short  dis- 
tance from  the  waterline.  The  different  shorelines 
at  the  GB8  location  at  two  different  times  suggest 
that  the  maximum  counts  found  are  probably  due 
to  previous  high-water  levels. 


Table  4.— Most  probable  numbers  (5  tubes/dilution)  of 
C.  botulinum  type  E  per  gram  of  samples  collected  on 
transects  heading  inland  from  the  Green  Bay  shoreline 


Location  and  date  of  sampling 


Feet  inland  from 


GB4 
Apr.  7, 
1%7 


GBH 


GBH 


Apr.  7,    June  22,  June  22, 
1967 


1967 


GB7 

unc  25 
1967 


Under  water. 
Shoreline  

25  

50  

75  

100  

125  

150  

175  

200....  

225  

250  

275  

300  


...5 
..17 
..18 
..4 
...I 
..35 
.330 
...0 
...0 
...0 
-<l 


24 


470 
1,800 
620 
35 
18 
t. 
(J 
I 


490 
240 
240 
490 
35 
35 
'<l 
0 


140 


280 
<l 

2 
0 
0 
0 

I) 


0 

o 


'New  shoreline  at  time  of  collection:  all  locution*  toward  hay  under  2-5 
in.  of  i 


The  above  considerations  suggest  that  C.  botulinum 
type  E  is  multiplying  in  Green  Bay.  However,  wc 
have  not,  as  yet,  been  able  to  demonstrate  growth 
of  the  organism  in  bottom  deposit  samples  held  in 
the  laboratory  without  the  addition  of  culture  medi- 
ums. This  is  not  necessarily  from  lack  of  nutrients, 
since  a  hundred-  to  thousand-fold  increase  of  the  type 
E  inoculums  of  cither  vegetative  cells  or  spores  takes 


place  in  similar  samples  which  have  been  autoclaved 
previously.  It  may  be  that  transferring  the  specimens 
from  the  field  to  the  laboratory  alters  the  samples  so 
that  the  chances  of  multiplication  of  C.  botulinum  in 
the  presence  of  the  other  microflora  arc  minimized. 

It  is  not  suggested  that  multiplication  of  type  E 
could  occur  in  bottom  deposits  of  all  areas.  Of  the 
47  wet  samples  taken  along  the  lower  Fox  River,  21 
gave  negative  control  cultures.  The  inhibition  of  type 
E  growth  in  enrichment  cultures  of  these  specimens 
probably  has  a  microbial  basis  since  extracts  of  the 
muds  are  not  inhibitory  to  type  E  growth  and  the 
inhibition  disappears  when  the  specimens  are  auto- 
claved. With  some  of  the  Fox  River  samples,  type  E 
inoculums  of  up  to  a  million  spores  must  be  added  to 
1  g.  of  mud  before  type  E  toxin  can  be  produced  in  the 
enrichment  culture.  It  seems  significant  that  samples 
of  bottom  deposits  from  Green  Bay  very  seldom  gave 
evidence  of  inhibition;  i.e.,  negative  control  cultures 
(table  2). 

C.  botulinum  type  E  docs  not  multiply  in  or  on  the 
living  fish.  Fish  maintained  in  aquariums  were  fed 
an  estimated  1,000  type  E  spores.  Groups  of  fish  were 
sacrificed  at  daily  intervals  and  the  presence  of  the 
organism  determined  in  decimal  dilutions  of  the  con- 
tents of  the  digestive  tract  (table  5).  In  this  particular 
experiment,  the  organism  was  not  found  in  the  five  fish 
examined  on  the  second  day  after  the  force-feeding  of 
the  spores.  In  other  tests,  the  disappearance  of  the 
spores  was  more  gradual  but  by  the  sixth  day  almost 
all  were  no  longer  carrying  type  E.  The  same  pattern 
occurred  following  the  feeding  of  vegetative  cells  and 
when  spores  were  inoculated  on  the  surface  of  the  fish. 
The  high  percentage  of  fish  of  Green  Bay  which  have 
C.  botulinum  type  E  is,  therefore,  a  reflection  of  the  high 
contamination  of  the  environment  with  the  organism. 
The  likelihood  of  finding  type  E  in  the  digestive  tract 
is  related  to  the  amount  of  food  in  the  alimentary  tract 
at  the  time  of  testing  (4). 

Although  type  E  does  not  multiply  in  or  on  the 
living  fish,  fish  must  spread  the  organism  in  their 
travels.  Upon  death  of  these  carriers,  type  E  multi- 
plies actively  in  the  carcass  in  spite  of  the  competition 


Table  5.— Disappearance  of  C.  botulinum  type  E  spores  from  digestive  tract.  10* 

Food  force-fed  every  other  day 


per  os  to  each  fish. 


Days 

Ni 

niiutioi 

imber  of  fish 
us  of  intestine 

positive  for  type  1 
il  tract  having  org 

: 

;anism 

fish  tested 

-1 

-2 

-3 

-4 

-5 

0 

5 

4 

5 

1 

1 

1 

1 

5 

4 

1 

0 
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0 

2 

5 

0 

0 

0 

" 

0 

3 

5 

0 

0 

0 

0 

0 

4 

r> 

0 

0 

0 

0 

o 

r. 

5 

0 

0 

0 

0 

0 

6 

3 

1 

0 

0 

0 

0 
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from  other  microflora.  Thus,  dead  fish  and  other  ani- 
mal life  undoubtedly  contribute  to  the  maintenance  of 
C.  botulinum  type  E  in  nature.  However,  other  sources 
of  the  organism  seem  necessary  to  explain  the  high 
numbers  of  the  organism  in  Green  Bay  and  at  present 
the  most  likely  explanation  would  be  the  active  growth 
of  the  species  in  the  bottom  deposits  of  the  Bay. 
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Summary 

Packs  of  pcnacid  shrimp  inoculated  with  0,  102, 
104,  or  10"  spores  of  Clostridium  botulinum  type  E 
(Beluga  strain)  per  gram  of  shrimp,  and  subsequently 
irradiated  at  levels  of  0,  100,  or  200  Krad  were  in- 
cubated at  temperatures  of  38°,  42°,  50°,  or  72°  F. 
The  day  of  total  consumer  rejection,  as  determined 
by  an  informal  panel  of  nonexperts,  was  noted  for 
each  permutation,  and  total  plate  counts  were  deter- 
mined for  each  on  the  day  of  rejection.  The  time 
required  for  the  development  of  toxicity  in  each 
permutation,  and  the  type  of  botulism  involved,  was 
determined  by  mouse  protection  testing. 

Increased  radiation  levels  always  resulted  in 
lowered  total  counts.  At  all  temperatures  except  72° 
F.,  consumer  rejection  preceded  botulinum  toxin 
development  with  some  margin  of  safety.  At  72°  F., 
botulinum  toxin  was  occasionally  detected  on  the  day 
of  rejection  in  pink  shrimp  {Penaeus  duorarum).  Such 
early  toxicity  was  found  to  be  of  type  A  or  C.  The 
tropical  location  of  the  pink  shrimp  grounds  may 
explain  similarities  between  these  results  and  earlier 
reports  of  the  high  incidence  of  C.  botulinum  types  A 
and  C  in  tropical  Latin  American  waters.  In  brown 
shrimp  (P.  aztecus)  botulinum  toxin  never  appeared 
as  early  as  the  day  of  rejection,  and  toxins  which 
were  eventually  developed  were  of  types  A,  B,  and  E. 
Irradiation  at  a  level  of  200  Krads  seemed  adequate 
in  all  cases.  The  advisability  of  experimental  designs, 
predicated  upon  botulism  survey  results  in  future 
inoculated  pack  studies  is  discussed. 

Introduction 

Studies  of  the  incidence  of  C.  botulinum  of  all  types 
from  the  southern  inshore  waters  of  eastern  North 
America  have  been  reported  by  Carroll  ct  al.  (2)  and 
Ward  et  al.  (10-13).  The  areas  encompassed  by  these 
reports  arc  the  U.S.  Atlantic  coast  from  New  York 
City  to  the  tip  of  Florida,  the  U.S.  gulf  coast  from 
Florida  to  Texas,  and  (incompletely)  Latin  America 
from  northern  Brazil  to  Honduras.  Among  717  At- 
lantic coast  samples,  only  15  were  positive  for  botulism 
(types  A- J,  B-3,  C-3,  D-3,  and  E-5),  but  this  favorable 
picture  was  marred  by  the  observation  that  a  dis- 
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proportionate  share  of  these  positive  indications  were 
obtained  from  a  limited  number  of  areas  of  high- 
human  population.  From  the  U.S.  gulf  coast,  58  of 
1,414  samples  tested  were  positive  for  botulism,  36  of 
these  being  type  E.  Other  types  and  numbers  were: 
A-3,  B-3,  C-9,  D-6,  and  F-l.  It  might  be  noted  that 
five  of  the  nine  type-C  reports  originated  in  south 
Florida  specimens.  From  brown  shrimp  (P.  aztecus) 
and  a  limited  number  of  finfish  taken  in  the  Gulf  of 
Venezuela  and  the  Gulf  of  Darien,  a  preponderance 
of  types  A  and  C  was  detected  (types  A-4,  C-3,  A 
and  C-3,  B-l,  and  type  E-l).  Later  testing  of  a 
limited  number  of  sediment  samples  from  the  state  of 
Ceara,  Brazil,  and  of  assorted  animals,  mosUy  finfish, 
captured  off  Nicaragua  and  Honduras  showed 
dominance  similar  to  the  Venezuela-Darien  results: 
From  82  fish,  two  tests  for  botulism  were  positive, 
both  being  type  C;  from  only  26  sediment  samples, 
five  tests  were  positive  (types  A-l,  C-l,  B-2,  and 
F-l). 

At  present,  a  study  is  being  conducted  of  shrimp 
inoculated  with  C.  botulinum  type  E  (Beluga  strain), 
irradiated  at  low  dosage,  incubated  at  several  tem- 
peratures, and  tested  periodically  for  both  spoilage 
and  the  appearance  of  botulinum  toxin.  In  recent 
years  similar  research  efforts  have  been  directed  to- 
ward the  demonstration  of  both  the  feasibility  and 
the  safety  of  the  irradiation  pasteurization  process  as 
applied  to  seafoods,  primarily  to  finfish,  especially  to 
northern  species  such  as  cod  and  haddock.  A  descrip- 
tion of  this  kind  of  research  may  be  obtained  from 
reports  of  the  annual  food  irradiation  contractor's 
meetings,  compiled  and  published  by  the  USAEC 
(7,  8,  9). 

In  1966,  the  use  by  individual  workers  of  different 
strains  and  procedural  details  made  the  establishment 
of  an  ad  hoc  committee  on  standardization  necessary. 
It  was  felt  that,  if  the  full  weight  of  all  research 
efforts  were  to  be  marshalled  in  the  preparation  of 
petitions  for  FDA  approval  of  radiation-pasteurization 
of  seafoods,  all  reports  would  have  to  be  easily  cor- 
related. Procedures  here  reported  arc  in  general 
accordance  with  those  agreed  upon  by  all  concerned 
with  fishery  products  under  the  radiation  pasteuriza- 
tion of  foods  program  of  the  USAEC. 
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Materials  and  Methods 

The  shrimp  used  in  these  tests  are  obtained  from 
commercial  sources  by  the  Technological  Laboratory, 
Bureau  of  Commercial  Fisheries,  Gloucester,  Mass. 
The  shrimp  are  always  fresh  (a  matter  of  hours  in 
most  cases),  and  the  exact  position  of  capture  is 
known.  The  freshness  of  the  headed  shrimp  is  eval- 
uated by  Gloucester  personnel,  after  which  they  arc 
iced  and  delivered  to  the  Institute  of  Marine  Sciences 
of  the  University  of  Miami  within  a  few  additional 
hours.  At  the  laboratory,  the  shrimp  are  packed  in 
No.  300  "C"  enamel  cans,  12  ounces  (340.2  g.)  to 
the  can;  this  weight  provides  a  full  but  not  crushed 
pack. 

Cans  are  separated  into  four  groups,  each  receiving 
one  of  the  following  treatments:  (1)  10"  spores  of  C. 
bolulinum  type  E  per  gram  of  shrimp;  (2)  104  spores 
per  gram;  (3)  102  spores  per  gram;  (4)  0  spores  per 
gram.  Spore  dilutions  are  so  prepared  that  1  ml.  of 
fluid  contains  the  requisite  number  of  spores.  Spores 
are  produced  at  28°  C,  purified  in  polyethylene  glycol 
4,000  by  the  method  of  Sacks  and  Alderton  (6"),  and 
enumerated  in  duplicate  trypticase-phytone-yeast  ex- 
tract (TPY)  agar  plates  (30°  C,  2  to  4  days,  in  Case 
anaerobe  jars).  The  Beluga  strain  is  used  exclusively. 
Spores  are  not  heat  shocked.  Cans  are  inoculated  by 
dripping  the  inoculum  over  the  surface  at  the  open 
end  of  the  can.  Cans  are  then  sealed,  packed  22  to  a 
tin,  and  the  tins  are  iced.  Iced  tins  are  flown  to 
Gloucester,  Mass.  for  irradiation,  where  one-third  of 
the  cans  of  each  inoculation  level  receive  a  200-,100-, 
or  0-K.rad  dose  in  the  Bureau  of  Commercial  Fisheries' 
Marine  Products  Development  irradiator.  The  geom- 
etry and  dosimetry  of  this  machine  are  described  in 
an  AEC  bulletin  by  Ronsivalli  et  al.  (5).  Following 
irradiation,  the  iced  shrimp  are  returned  to  Miami 
by  air.  The  Miami-Gloucester-Miami  operation 
usually  requires  2  to  3  days,  but  with  pink  shrimp 
transport  was  unavoidably  extended  to  a  total  of  8 
days  by  scheduling  difficulties. 

At  the  Miami  laboratory  each  of  the  12  groups  of 
cans  (four  levels  of  inoculation,  three  levels  of  irradia- 
tion) are  further  divided,  one-quarter  being  placed  at 
each  of  four  incubation  temperatures:  38°  F.  (3.3° 
C),  42°  F.  (5.6°  C),  50°  F.  (10°  C),  or  72°  F. 
(27.8°  C).  Cans  arc  opened  periodically  (e.g.,  daily 
for  72°  F.  cans,  weekly  for  38°  F.  cans)  and  the  odors 
arc  evaluated  by  students,  faculty,  or  staff  of  the 
Division  of  Fishery  Sciences  of  the  Institute  of  Marine 
Sciences,  who  constitute  an  informal  panel  of  non- 
experts. Evaluations  are  sought  on  untreated,  washed, 
and  cooked  shrimp  of  each  can  until  rejection  is  total. 
At  the  time  of  total  rejection,  total  aerobic  plate 
counts  arc  made  in  duplicate,  using  50  g.  of  shrimp 
homogenized  for  2  minutes  in  450  ml.  Delafield  buf- 


fer, TPY  agar  (trypticasc-15  g.,  phytonc-5  g.,  yeast 
extract-5  g.,  NaCI-5  g.,  glucose- 1  g.,  agar- 15  g., 
H2O- 1,000  ml.,  pH  7.2)  and  an  incubation  temper- 
ature of  30°  C.  for  48  hours.  Free  liquid  in  cans 
(drip,  moisture  adherent  to  shrimp  at  packing,  sus- 
pending fluid  of  inoculum,  etc.)  is  periodically  injected 
into  mice  (e.g.,  twice  weekly  with  72°  F.  material, 
weekly  with  38°  F.  material,  etc.)  until  toxicity 
develops.  The  procedure  employed  is  to  use  0.2  ml. 
of  test  fluid  +0.2  ml.  of  gelatin-phosphate  buffer  4-0.1 
ml.  of  a  specific  antiserum  (where  applicable)  pro- 
viding a  complete  set  of  eight  mice  for  each  test 
material.  Each  material  is  injected  as  untreated  (or 
raw)  fluid,  fluid  heated  for  10  minutes  at  100°  C, 
and  fluid  mixed  with  one  of  die  six  specific  antiscra 
(A  through  F)  and  allowed  to  react  for  at  least  30 
minutes  before  injection.  Duplicate  sets  of  mice  are 
used.  Try psiniza lion  is  not  used.  Mouse  deaths  are 
recorded  for  96  hours.  Incidental  deaths  giving  no 
clear-cut  indication  of  botulism  are  recorded  if  noted 
in  either  of  duplicate  sets  of  mice,  but  positive  typing 
has  been  based  only  upon  complete  evidence  in  both 
sets. 

Results 

Results  are  presented  in  tables  I  through  5.  In 
tables  3  and  4,  only  the  results  of  mouse  testing  with 
72°  F.  materials  are  recorded.  Only  positive  results 
are  recorded  in  table  5,  all  "dead-none,  live-all"  (no 
deadis,  or  negative)  instances  being  omitted. 

With  pink  shrimp,  mouse  death  occurred  39  days 
after  catch  with  38°  F.  and  42°  F.  materials,  and  in 
no  case  was  death  attributable  to  botulism.  The  toxic 
agent  was  heat  stable  or  manifested  itself  in  only  a 
few  of  the  eight  mice  in  any  given  set.  With  50°  F. 
material,  some  deaths  occurred  on  the  21st  day  with 
0  and  100  Krad  materials,  but  not  with  200  Krad 
material.  Again,  deaths  could  not  be  attributed  to 
botulism  because  the  toxic  agent  was  heat  stable,  and 
entire  sets  (raw,  heated,  A  through  F)  of  mice  died. 
With  200  Krad  material,  death  was  noted  only  on 
the  39th  day,  and  then  in  only  one  mouse  of  a  set  of 
eight  injected  with  0-spore  material.  All  efforts  to 
increase  the  toxicity  of  the  fluids  responsible  for  oc- 
casional deaths  failed.  After  removal  of  tubes  from 
frozen  storage  and  trypsinization,  all  toxicity  disap- 
peared. 

With  brown  shrimp  held  at  38°  F.,  some  deaths 
were  noted  as  early  as  the  19th  day  (15  days  of 
incubation,  and  8  days  after  rejection).  Through  the 
33d  day,  however,  the  presence  of  botulinum  toxin 
was  never  conclusively  demonstrated,  and  no  deaths 
occurred  from  injection  of  200  Krad  materials.  In 
42°  F.  materials,  results  were  generally  similar.  How- 
ever, nonbotulinic  deaths  were  noted  following  injec- 
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Table  1.— Total  aerobic  plate  counts  of  pink  shrimp  on 
last  day  of  acceptability 
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'Experimental  incubation  begun  after  8  days  of  handling,  during  which 
shrimp  were  iced  at  all  times  except  during  initial  veaaot  handling,  the 
canning  operation.  2  overnight  period,  at  38°  F..  and  a  final  <8th-day) 
period  of  2*  hour,  at  38 '  K. 


tion  of  33-day  200  Krad  material,  and  type  A 
botulinum  toxin  was  detected  in  unirradiated  mate- 
rial on  the  19th  day  (15  days  of  incubation,  and  10 
days  after  rejection).  In  50°  F.  materials,  deaths  did 
not  follow  injection  until  the  26th  day,  and  no  deaths 
were  caused  by  irradiated  materials.  As  with  pink 
shrimp,  trypsinization  of  fluids  giving  incomplete  re- 
sults rendered  them  nontoxic. 
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Table  2.— Total  aerobic  plate  counts  of  brown  shrimp  on 
last  day  of  acceptability 
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■Experimental  incubation  begun  after  4  day*  of  handling,  during  which 
shrimp  were  iced  at  all  time,  except  during  initial  veMel  handling,  the 
canning  operation,  and  1  overnight  period  at  38°  F. 

Discussion 

Attempts  to  minimize  nonbotulinic  deaths  through 
use  of  antibiotics  met  with  little  success  and  these 
have  been  abandoned.  Cans  have  been  used  instead 
of  plastic  containers  because  shrimp  spines  puncture 
the  latter.  At  first,  cans  which  had  been  opened  were 
retained,  the  open  tops  being  covered  with  aluminum 

foil,  or  the  puncture  holes  plugged  with  cotton.  It 
had   been   hoped   in   this   way   to  approximate 
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test  results  following  injection  of  pink  shrimp  fluids  incubated  at  72°  F. 


Can  designation 


Spores 
per  gram 


Krad 


Days  of 
incubation1 


Dead  mice 


Live  mice 


type 


0   0  2  Raw,  A,  B,  D,  E,  F   Cheated..    C. 

0                    ...0  7  Raw,  A,  B,  D,  E,  F  Cheated    _.  .C. 

0  0  10  Raw,  A,  B,  C  D,  E,  F  C  and  E,  heated   C  and  E. 

10*   0  2  Raw,  A,  D,  E,  heated  B,  C,  F   

102  o  7  Raw>  |lcatcd _  .  .    __._A,  B,  C,  D,  E,  F  

102   0  ,0  RaW)  hcat„i,  A,  F    . .     ...   .   B,  C,  D,  E._   

10*  0  2  Raw,  B,  C,  D,  E,  F  .A,  heated   A. 

10*   0  7  Raw,  B,  CD,  E,  F. .  .  -    A.  heated   A. 

10*  0  10  Raw,  A,  B,  C,  D,  E,  F;  C  and  E  A  and  E,  heated. .  .  _  A  and  E. 

10»   ...0  2  Raw,  B,  C,  D,  E,  F  A,  heated   .A. 

I0«  0  7  Raw,  B,  C,  D,  E,  F  A,  heated  A. 

10»  ....      ..0  10  Raw,  B,  C,  D,  E,  F   ...  .A,  heated  A. 

0  100  2  Raw,  A.  B,  C,  D,  E,  F,  heated.  ..  ...None  

0    100  7  Raw,  A,  B,  C,  D,  E,  F,  heated  None   

0....                 .100  10  Raw,  D,  E,  heated   .  ,...A,B,C,F  

10*   100  2  None   .  .   .All  

10a  100  7  None  All  

10»  100  10  Raw,  B,  C,  F,  heated  .A,  D,  E. .  .  

10*  100  2  Raw,  D,  E    A,  B,  C  F,  heated  

10*  100  7  None  All  

10«              ...  .100  10  None  All  

10»  UK)  2  None....    ..   ..All  

10"  100  7  None   .  ...  AIL.    

10»  100  10  Raw,  A,  B,  C,  E,  heated  D,  F     ... 

0  200  2  None  All   

0  200  7  None  All  

0   200  10  Raw,  A,  B,  C,  D,  E,  F   Heated,  A  and  C   .    A  and  C. 

10*             ..  .  .200  2  None  All  

10"  200  7  None  All   

10»  200  10  All  None  

10«  200  2  None    All  

10*  200  7  None  All  

10«  200  10  Raw,  B,  D,  F  Heated,  A,  C,  E._  

10«..__  .  ..200  2  None  All  

10«  200  7  None...  All   

10«  200  10  Raw.  A,  B,  C,D,F   Heated,  E  E. 


"breather"  (polyethylene)  plastics  used  in  the  fillet 
experiments  of  other  investigators.  Since  no  appreci- 
able differences  were  detected  in  results  of  the  two 
systems,  the  use  of  open  cans  was  discontinued. 
Methylene  blue  solution  dropped  on  the  surfaces  of 
even  the  freshest  shrimp  passes  under  the  carapace 
where  it  is  decolorized,  sometimes  within  half  an 
hour,  even  in  open  air.  From  this  it  is  assumed  that  if 
the  flesh  is  essentially  anaerobic,  observable  differ- 
ences between  sealed  and  opened  cans  would  be  only 
a  reflection  of  the  activities  of  aerobic  forms,  which 
would  exert  slight  influence  on  developments  beneath 
the  cxoskclcton. 

The  results  of  tables  3  and  4  are  disturbing.  In 
shrimp  subjected  to  200  Krad  doses,  type  E  botulism 
is  controlled  at  all  temperatures  except  72°  F.:  toxic- 
ity, where  it  develops,  invariably  follows  and  never 
precedes  or  parallels  rejection.  At  the  latter  temper- 
ature botulism  was  detected  on  the  same  day  the 
evaluation  panel  rejected  the  shrimp  as  unfit.  Admit- 
tedly a  72°  F.  holding  temperature  would  rarely  be 


encountered  in  commercial  practice,  but  it  may  not  be- 
uncommon  for  brief  periods  when  refrigeration  fails 
or  when  frozen  packs  arc  carelessly  handled.  The 
effects  of  short  or  intermittent  breaks  are  not  known 
and  errors  should  be  on  the  side  of  safety.  Some 
method  of  guaranteeing  uninterrupted  refrigeration, 
perhaps  by  incorporating  temperature-sensitive  color 
bands  into  packaging,  would  be  profitably  pursued. 

In  the  light  of  earlier  survey  reports  by  Ward  (10, 
11,  12,  13)  die  present  results  arc  disturbing  for  an- 
other reason.  The  Florida  Keys,  south  Florida  and 
the  Tortugas  area,  the  origin  of  pink  shrimp,  are 
extensions  of  the  tropics,  unrelated  to  any  other  area 
of  the  Eastern  or  gulf  coast  United  States.  Hence,  it 
is  hardly  surprising  that  types  A  and  C  botulism 
should  occur,  as  they  do  in  Venezuela,  Columbia, 
and  Honduras.  It  is  less  easily  understood  why  these 
few  indigenous  bacteria  should  emerge  before  even 
10°  spores  of  type  E  per  gram,  but  types  A  and  C 
may  have  existed  in  the  vegetative  state.  Conceivably, 
type  E  may  be  less  competent  in  a  pink  shrimp  sub- 
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I  injection  of  brown  shrimp  fluids  incubated  at  72s  F. 


Can  designation 


Spores  Days  of 

per  gram  Krad  incubation1  Dead  mice  Live  mice  idotulism  type 

0  -  -.0  2  None  ..All...   

0  0  5  All    ..None  

10'  0  2  None  All...    

10»  ...0  5  All     None    

10«  0  2  None...   All  

10*   ...0  2  None    All   ... 

I0»   0  2  None  All  

10*   ..0  5  AIL     None  

0  100  3  None  All  

0  100  5  All    None  

10*  -.100  3  None  .   All   

10*  100  5  Raw,  B,  C,  D,  Heated   A,  E,  F, . .   

10*  100  3  None      All..  

104   100  5  Raw,  A,  D,  F,  Heated   B,  C,  E   ... 

10«  100  3  None    All   

10«    .100  5  Raw,  A,  C,  D,  E,  F    Heated,  B  B 

0  -._..._200  3  None    All   

0  200  5  None...  All  

10»  200  3  None..   All  

10»  200  5  None  All   

10*  200  3  None    All   

10*  200  5  Raw,  Heated   A,  B,  C,  D,  E,  F  

10*  200  3  None  All     

10«  200  5  Raw,  A,  B,  C,  D,  F  Heated,  E  E 


■Following  4  days  of  handling. 


strate,  or  types  A  and  C  somewhat  better  adapted  to 
the  higher  temperature. 

The  study  of  brown  shrimp  from  north  Florida 
(which  region  is  a  part  of  the  U.S.  Coastal  Plain 
extending  into  Georgia  and  the  Carolinas)  has  pro- 
duced no  comparable  result  to  date.  If  a  strongly  A 
to  C  tropical  zone  docs  exist,  its  northern  limits  should 
be  determined.  If  we  are  someday  permitted  to  irradi- 
ate U.S.  gulf  and  Atlantic  coast  fishery  products 
because  they  seem  to  harbor  the  oft-studied  type  E 
predominantly,  will  we  also  be  allowed  to  irradiate 
such  products  when  they  are  imported  from  the 
tropics?  Would  acceptance  or  proscription  be  based 
upon  geographic  or  species  considerations?  Is  the 
administration  of  such  regulation  feasible?  It  is 
doubtful  that  we  can  ever  devise,  as  an  alternative, 
radiation-pasteurization  protocols  for  seafoods  which 
will  be  universally  applicable.  In  our  selection  of  C. 
botulinum  as  a  test  organism,  we  have,  in  effect, 
arbitrarily  relegated  other  potentially  troublesome 
organisms  (especially  other  spore-forming  pathogens) 
to  some  sort  of  limbo.  On  the  basis  of  morbidity 
reports  from  Japan,  Canada,  and  the  United  States, 
it  must  be  assumed  that  our  past  efforts  have  been 
properly  directed  toward  the  control  of  the  dominant 
type  E.  From  Latin  America  and  the  tropics,  how- 
ever, there  is  no  comparable  body  of  statistical 
morbidity  information  upon  which  to  base  such  an 
assumption.  Surveys  to  uncover  the  presence  of  C. 
botulinum  (which  have  fallen  into  some  disrepute  fol- 


lowing a  general  acceptance  of  the  ubiquity  of  all 
types)  should  be  resumed.  The  results  of  such  surveys 
should  guide  the  experimental  design  of  future  inoc- 
ulated pack  studies  unless  the  area  of  the  fishery  in 
question  is  known  to  be  type  E  dominated. 

As  an  alternative  wc  might  hope  to  demonstrate 
for  type  E  a  radiation  resistance  superior  to  that  o 
all  other  types.  Such  superiority  has  not  been  demon- 
strated, and  in  most  cases,  demonstration  has  not 
been  attempted.  These  results,  as  well  as  some  of  the 
experiences  with  type  F,  recendy  reported  to  the  In- 
teragency Botulism  Research  Coordinating  Commit- 
tee by  Dr.  Nancy  Walls  of  the  Georgia  Institute  of 
Technology,  should  reduce  the  attractiveness  of  such 
an  approach. 

There  remain  but  two  other  alternatives:  We  must 
study  all  six  types  in  every  instance,  or,  as  we  have 
done  with  the  northern  U.S.  fisheries,  we  must  con- 
centrate upon  the  types  which  figure  most  prominendy 
in  survey  and/or  morbidity  reports. 

We  cannot  question  the  logic  of  the  ad  hoc  commit- 
tee in  its  selection  of  C.  botulinum  type  E  as  a  test 
organism,  nor  in  its  choice  of  the  resistant  Beluga 
strain.  In  northern  waters  and  species  heretofore 
under  investigation,  type  E  has  been  found  to  over- 
whelmingly dominate  all  testing  efforts,  as  it  has  also 
dominated  morbidity  reports;  e.g.,  USAEC  reports  (7, 
8,  9),  Ingram  and  Roberts  (4),  Bott  ct  al.  (/),  Craig 
et  al.  (J). 

Accepting  the  imperfectability  of  any  system  (e.g., 
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following  injection  of  shrimp  fluids  incubated  at  38s,  42s,  or  50°  F. 


Can  designation 


Spores 


Krad 


(ices  F. 

Species  of 
sliriiriD 

Days  of 
incuba- 
tion1 

50 

Pink  

13 

50 

13 

50 

Pink  

13 

50 

Pink-  

13 

50 

13 

50 

13 

50 

13 

38 

31 

■12 

Pink  

31 

42 

Pink  

31 

42 

31 

42 

31 

42 

31 

A  la 

42 

Pink  

31 

50 

31 

38 

15 

38 

Brown  

15 

38 

Brown  

15 

42 

15 

42 

15 

42 

15 

42 

15 

38 

Brown  

22 

42 

22 

42 

22 

50 

22 

:>u 

22 

50 

Brown  

22 

38 

Brown  

29 

42 

Brown . . 

29 

42 

Brown  

29 

42 

29 

42 

29 

50 

Brown  

29 

Dead  mice 


Live  mice 


Botu- 
lism 
type 


0  0 

10*   0 

10*    .0 

I0«  0 

0  100 

10*  100 

10*  100 

0-10*  0-200 

0-10*   -.0 

102  10o 

10<  100 

10s  100 

I02__.  200 

10»  200 

0   200 

10'  0 

10*  0 

0  100 

0  0 

10<   0 

10G   -0 

10*   100 

10«  100 

0  0 

I04   0 

0  .  0 

102  o 

104  0 

101   100 

0  100 

10«  100 

10*  100 

10s   200 

I04..  .0 


All  

All   

All  

All   

All  

All   .  . 

All  

All  raw,  heated  -  

All  

Raw,  B,  C,  D,  F,  heated. 

Raw,  F  

Raw,  C,  E,  heated    .  . 

Raw  

Raw    

All  

All  

Raw,  D  

Raw,  heated,  B,  C,  D,  F. 

Raw,  B-F  

Raw,  A,  B,  E  

Raw,  A,  C  

Raw,  heated,  B.  

Raw,  heated,  D  

Raw,  A.  E  

Raw,  heated,  A.  C,  E,  F. 

Raw,  A,  B,  E  

Raw  

Raw,  D-F  

Raw,  E  

Raw,  C,  F  

Raw,  A,  F  

Raw,  A,  D   

All  


.  .Nonc. 
...\onc. 
.  .None 
..None. 
..None. 
..None 
.None 
No  i 

--None   

..A,  F,  Heated  

K.A  

.  A-E,  heated  

A,  B,  D,  F  

..Heated,  A-F  

..Heated,  A-F.  . 

..None  

..None  

..Heated,  A,  B,  C,  E,  F. 

..A,  E  

..Heated,  A  

.  C,  D,  F,  heated  

.Heated,  B,  D-F  

..A,  C-F  

-A-C,  E,  F  

..Heated,  B-D,  F  

-B,  D  

..Heated,  C,  D,  F  

..Heated,  A-F  

..Heated,  A-C  

..Heated,  A-D,  F  

..Heated,  A,  B,  D,  E... 

.. Heated,  B-E  

..Heated,  B,  C,  E,  F  

..None   


'Following  8  days  ot  handling  lor  pink  shrimp,  and  4  days  for  brown. 


cam,  water  supplies,  milk,  etc.,  continue  to  figure  in 
morbidity  reports  despite  a  voluminous  literature  and 
the  practical  experience  of  many  decades),  we  then 
might  ask  only,  "to  what  extent  need  we  pursue  such 
studies  before  radiation-pasteurization  of  a  given  item 
is  considered  worthy  of  a  place  in  modern  tech- 
nology?" It  is  in  this  area  that  we  must  attain  some 
mutually  satisfactory  integration  of  the  divergent 
viewpoints  of  the  health-oriented  and  the  industrial 
scientists.  In  the  United  States,  for  cod  and  haddock, 
we  may  be  approaching  some  mutually  acceptable 
irradiation-pasteurization  code,  but  it  is  to  be  expected 
that  for  some  time  all  such  agreements  can  be  made 
only  after  extensive  product-by-product  investigation. 

We  have  made  progress  in  this  field  within  ihc  last 
few  years,  and  we  are  still  progressing  along  both 
theoretical  and  applied  lines,  but  problems  continue 
to  exist.  Type  shifts  from  E  to  A,  B  and  C,  similar  to 
those  of  our  own  reports,  have  been  observed  on  the 
United  States  Pacific  coast  by  Eklund  and  Poysky  (in 
USAEC  report  (7))  and  by  Ingram  and  Roberts  (•/). 


In  the  United  States  today  (with  the  exception  of  a 
very  few  laboratories  investigating  type  F,  and  some 
individuals  who  study,  as  time  permits,  types  B,  C,  or 
D)  the  potentials  of  types  other  than  E  as  contami- 
nants of  seafoods  have  received  too  little  attention. 
These  are  areas  of  urgency.  Opinions  regarding  our 
present  status  arc  varied.  Some  feel  that  we  in  the 
United  States  may  have  the  empirical  control  of  type 
E  botulism  almost  within  our  grasp.  Others  would 
remind  us  that  in  the  late  1920's  there  were  those 
who  felt  they  were  quite  close  to  a  solution  of  the 
type  A  problem,  but  it  is  with  us  still.  Lest  we  become 
too  optimistic,  I  might  conclude  with  the  observation 
that,  in  a  recent  telephone  conversation,  a  colleague 
passed  along  the  latest  rumor  of  type  G.  Perhaps 
when  we,  at  Miami,  have  completed  our  next  phase, 
an  examination  of  white  shrimp  from  the  western 
gulf,  we  will  be  able  to  definitely  call  ourselves  either 
optimistic  or  pessimistic  about  the  outlook  for  ap- 
proval of  pasteurization  of  shrimp. 
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Summary 

Sand  or  mud  samples  were  collected  at  30  places 
along  the  coastal  line  and  30  places  along  the  rivers 
or  lakes  in  Hokkaido,  Japan,  between  1965  and  1966. 
Thirty  samples  were  collected  at  each  of  these  60 
places  and  the  demonstration  of  C.  botulinum  was 
carried  out  on  these  samples. 

Out  of  900  sand  samples  obtained  at  coastal  areas, 
118  (13.1  percent)  were  positive  with  type  E  orga- 
nisms and/or  type  E  toxin.  Out  of  900  mud  samples 
collected  at  river  or  lakesides,  168  (18.8  percent) 
were  positive  with  type  E  toxin.  However,  none  of 
260  soil  samples  collected  at  inland  afforestation 
places  were  positive.  C.  botulinum  other  than  type  E 
was  not  demonstrated  throughout  the  survey. 

Introduction 

Since  C.  botulinum  type  E  was  first  identified  by 
Gunnison,  Cummings,  and  Meyer  (6)  in  1936,  botu- 
lism outbreaks  due  to  this  type  have  occurred  in 
Japan,  the  United  States,  Canada,  north  European 
countries  and  U.S.S.R.  A  systematic  investigation  on 
the  distribution  of  spores  of  this  type,  however,  has 
been  undertaken  only  recently. 

In  1944,  Dolman  and  Kerr  (3)  reported  an  out- 
break of  type  E  botulism  due  to  home-canned  salmon 
which  took  place  in  Nanaimo,  British  Columbia, 
Canada.  During  the  investigation  of  this  outbreak, 
they  isolated  C.  botulinum  type  E  strains  from  soil 
samples  collected  at  the  chicken  run  belonging  to  this 
particular  house. 

Dolman  (4)  also  isolated  type  E  organisms  from 
mud  samples  and  the  intestinal  contents  of  fish  col- 
lected at  littoral  areas  in  British  Columbia,  and  he  as- 
sumed that  C.  botulinum  type  E  spores  are  distributed 
widely  in  the  soil  of  the  northern  hemisphere,  trans- 
ported by  rivers  or  underground  waters  to  the  oceans 
and  disseminated  to  several  parts  of  the  continents, 
especially  to  the  northern  parts  of  Pacific  coasts  where 
type  E  outbreaks  have  frequently  been  reported  (5). 

Also  in  the  northern  European  countries,  there  have 
been  several  outbreaks  of  type  E  botulism,  and 
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Pedersen  (//)  reported  the  demonstration  of  C.  botu- 
linum type  E  in  soil  samples  collected  from  fish 
markets  and  the  sea  bottom  of  the  harbor  of  Copen- 
hagen. Johannscn  (7)  also  reported  the  very  high 
frequency  with  which  type  E  is  isolated  from  mud 
samples  of  the  sea  near  Sweden,  especially  of  Baltic 
Sea. 

In  the  United  States,  type  E  outbreaks  occurred 
by  the  consumption  of  smoked  fish  commercially  pre- 
pared on  Lake  Michigan  in  1963.  An  extensive 
survey  for  type  E  organisms  was  carried  out  by  Bott 
ct  al.  (7)  on  soil  and  fish  samples  collected  at  the 
Great  Lakes,  and  it  was  demonstrated  that  type  E 
spores  arc  widely  disseminated  in  these  lakes.  Craig 
and  Pilchcn  (2)  also  isolated  type  E  from  mud  and 
fish  samples  collected  at  the  coastal  areas  in  Oregon 
and  Washington.  Ward  et  al.  {12)  reported  the  exist- 
ence of  type  E  in  mud  and  small  animal  specimens 
collected  at  the  coast  of  Texas  and  Florida,  thus 
proving  that  the  distribution  of  type  E  extends  to 
areas  more  southern  than  40"  N. 

In  Japan,  C.  botulinum  type  E  was  first  isolated  by 
the  authors  from  soil  samples  collected  at  the  lakeside 
of  Abashiri,  Hokkaido,  in  1953  {10).  Since  then  sev- 
eral surveys  for  type  E  have  been  carried  out  by  the 
authors  on  soil  samples  collected  from  various  parts 
of  Hokkaido.  For  example,  Kanzawa  (8)  examined 
soil  samples  collected  along  the  Ishikari  River  and 
found  type  E  toxin  in  40  out  of  375  cultures  (10.7 
percent)  and  he  assumed  that  the  origin  of  type  E 
organisms  should  be  from  land  areas. 

The  results  of  surveys  for  type  E  performed  in 
Tohoku  district  arc  omitted  here  because  another 
paper  deals  with  this  problem. 

Summing  up,  spores  of  C.  botulinum  type  E  seem  to 
be  disseminated  widely  in  the  soil  of  various  countries 
in  the  northern  hemisphere  and  cause  human  out- 
breaks of  botulism  where  the  inhabitants  prepare 
potentially  dangerous  foodstuff. 

We  had  a  chance  to  reinvestigate  the  distribution 
of  spores  of  C.  botulinum  in  soil  samples  in  Hokkaido 
as  a  member  of  joint  IAEA/FAO  research  project 
group.  The  present  paper  deals  with  the  results 
obtained  on  soil  samples  collected  at  coastal  and  in- 
land places  in  Hokkaido,  Japan,  during  1965  and 
1966. 
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Materials  and  Methods 

Collection  and  treatment  of  samples. — About 
50  g.  of  soil  samples  was  obtained  at  one  sampling 
location.  This  was  put  into  a  sterilized  test  tube, 
shaken  with  50  ml.  phospliate  buffer,  pH  7.0,  allowed 
to  stand  for  a  few  minutes  and  the  free  liquid  was 
recovered.  This  was  centrifuged  at  3,000  r.p.m.  for 
30  minutes  and  the  supernatant  was  discarded.  The 
sediment  was  resuspended  in  1.5  ml.  of  phosphate 
buffer,  pH  7.0. 

Initial  culture  and  toxicity  test.— The  suspension 
thus  obtained  was  inoculated  into  cooked  meat  me- 
dium, heated  at  60°  C.  for  1  hour  and  incubated  at 
30°  C.  for  2  days.  The  supernatant  of  each  of  the 
initial  cultures  was  injected  intraperitoneally  (0.25 
ml.)  into  each  of  two  mice.  When  mice  died  within 
48  hours,  an  equal  amount  of  type  E  antitoxin  (10  IU 
per  milliliter)  was  mixed  with  the  toxic  supernatant 
and  the  mixture  was  injected  into  two  mice.  As  a 
control,  an  equal  amount  of  phosphate  buffer,  pH  6.0, 
was  mixed  with  the  supernatant.  When  control  mice 
died,  and  mice  which  were  injected  with  the  mixture 
of  toxic  supernatant  and  type  E  antitoxin  survived,  the 
toxin  in  the  supernatant  was  determined  as  botulinum 
toxin  type  E. 

Toxic  supcrnatants  which  were  not  neutralized  by 
type  E  antitoxin  were  tested  again  with  polyvalent 
anatoxin  of  types  A,  B,  and  C  by  the  method  as 
described  above. 

Isolation  of  C.  botulinum  type  E.— Brain  heart 
infusion  agar  with  5  percent  calf  serum  and  0.075 
percent  cysteine-HCl  was  used  as  an  isolation  me- 
dium and  the  plates  were  streaked  with  a  small  amount 
of  sediment  meat  of  each  tube.  The  plates  were  incu- 
bated at  30°  C.  for  24  hours  anaerobically  by  Rosen- 
thal's method.  Colonies  suspicious  of  C.  botulinum 
were  picked  up,  transferred  into  0.5  percent  glucose 
cooked  meat  tubes  and  incubated  at  30°  C.  Superna- 
tants  of  cultures  which  showed  marked  gas  production 
were  injected  intraperitoneally  into  two  mice.  Neu- 
tralization tests  were  carried  out  on  toxic  cultures  with 
monovalent  type  E  and  polyvalent  types  A,  B,  and  C 
antitoxic  sera. 

Results 

SURVEY  ON  SAMPLES  OF  SAND  COLLECTED  ALONG  THE 
COASTAL  LINE  OF  HOKKAIDO 

Place  and  date  of  sampling.— The  sampling  was 
carried  out  at  30  places  along  the  coastal  line  of 
Hokkaido  between  April  to  October,  1965.  Thirty 
samples  of  sand  were  collected  at  a  distance  of  2  m. 
from  the  edge  of  the  water  at  each  sampling  place. 
Each  sample  of  approximately  50  g.  of  sand  was 
obtained  at  intervals  of  2  m.  from  a  depth  of  about 


10  cm.  The  samples  were  brought  back  to  the  authors' 
laboratory  where  they  were  kept  at  4°  C.  until  use. 
The  sampling  places  are  shown  in  figure  1 . 


Figure  1.— Sampling  spots  for  sand  and  soil  samples. 


At  each  sampling  place,  samples  of  sea  water  were 
also  collected,  on  which  the  temperature,  pH,  NaCl- 
content  and  chemical  oxygen  demand  (COD)  were 
estimated. 

The  results  obtained  on  900  sand  samples  collected 
as  above  are  shown  in  table  1.  Of  these  900  samples, 
177  (19.9  percent)  were  found  to  be  toxic  in  the  initial 
cooked  meat  culture.  Neutralization  tests  carried  out 
on  these  toxic  cultures  revealed  that  85  (9.4  percent) 
contained  C.  botulinum  type  E  toxin.  Toxin  of  the  other 
types  of  C.  botulinum  was  not  demonstrated. 

Regardless  of  the  toxicity  of  the  initial  culture, 
isolation  of  C.  botulinum  was  attempted  from  these 
cooked  meat  cultures.  As  indicated  in  table  1,  type  E 
organisms  were  often  isolated  from  cultures  in  which 
type  E  toxin  was  not  demonstrated.  On  the  other 
hand,  type  E  organisms  were  not  always  isolated  from 
cultures  in  which  type  E  toxin  was  demonstrated. 
Out  of  900  samples,  type  E  toxin  was  demonstrated 
in  85  and  type  E  organisms  were  isolated  in  56.  In  23 
samples,  both  type  E  toxin  and  organisms  were 
demonstrated. 

It  is  obvious  from  these  results  that  spores  of  C. 
botulinum  type  E  arc  widely  disseminated  along  the 
coastal  line  of  Hokkaido  though  the  positive  rate  of 
the  30  sand  samples  differs  from  place  to  place.  Gen- 
erally speaking,  the  positive  rate  is  relatively  high  at 
the  northern  coast  of  the  Sea  of  Japan  and  low  at  the 
southern  coast  except  a  conspicuously  high  rate  at 
Okushiri  Island.  No  significant  difference  was  ob- 
served among  the  positive  rates  at  the  western  and 
eastern  coasts  of  the  Pacific  Ocean  and  the  coast  of 
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Table  1.— Distribution  of  C.  botullnum  in  sand  samples  from  coastal  areas  in  Hokkaido 


Place" 

Type  E  toxin 
positive 

Ty|>c  E  orga- 
nisms  isolated 

Both  type  E 
toxin  and  orga- 
nisms positive 

Total  type  E 
positive11 

Percentage  of  type  E 
positive 

2 

4 

0 

6 

20.00 

3 

2 

0 

r> 

16.67 

2 

0 

it 

2 

6.67 

Iwanai  -  

0 

0 

n 

t) 

0 

1 

0 

'» 

1 

3.33 

0 

i) 

0 

0 

0 

0 

0 

o 

0 

0 

0 

(J 

i) 

0 

!> 

0 

0 

ii 

0 

0 

0 

0 

0 

0 

0 

Okushiri  -  ,  

18 

17 

11 

24 

80.00 

1 

0 

0 

1 

3.33 

4 

0 

0 

4 

13.33 

1 

0 

0 

1 

3.33 

0 

0 

0 

0 

0 

1 

•J 

0 

:i 

10.00 

0 

2 

0 

2 

6.67 

7 

:"> 

1 

11 

36.67 

18 

8 

) 

21 

70.00 

14 

10 

h 

18 

60.00 

1 

1 

0 

2 

6.67 

Atsunai 

o 

1 

0 

I 

3.33 

7 

4 

0 

II 

36.67 

.  .  1 

0 

<> 

I 

3.33 

0 

U 

il 

') 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aba&hiri  

2 

0 

0 

2 

6.67 

2 

0 

0 

2 

6.67 

0 

0 

0 

0 

0 

Total  

85 

56 

23 

118 

'13.08 

'J0  sampltn  wct«'  eulIcL-ted  at  each  placu. 
■None  were  positive  (or  types  A,  B,  or  C. 
•Average. 


SURVEY  ON  SAMPLES  OF  MUD  COLLECTED  AT  THE  LAKE 
AND  RIVER  SIDE  IN  HOKKAIDO 

Place  and  date  of  sampling. — As  shown  in  figure 
1,15  rivers  and  15  lakes  were  selected  for  sampling  of 
mud.  The  sampling  was  carried  out  between  May  to 
August  1966.  Sampling  of  riverside  mud  was  carried 
out  at  the  upper,  middle,  and  lower  reaches  of  each 
river,  each  location  giving  10  samples.  Sampling  of 
lakeside  mud  was  performed  at  three  sampling  loca- 
tions around  each  lake,  each  location  giving  10 
samples.  The  samples  were  obtained  by  the  same 
procedure  as  described  above,  brought  to  the  labora- 
tory and  stored  at  4°  C.  until  use.  Samples  of  river 
and  lake  water  were  also  obtained  at  each  sampling 
place.  The  temperature  and  pH  were  determined  on 
these  water  samples  and  COD  was  estimated  as  the 
amount  of  oxygen  consumption  per  gram  of  dried 
materials. 

The  results  obtained  are  summarized  in  table  2 
and  diagramed  in  figure  2.  Isolation  of  C.  botulinum 
was  not  performed  on  these  samples.  Of  900  mud 
samples  tested,  444  (49.3  percent)  were  found  to  be 
toxic  to  mice  with  the  initial  cooked  meat  culture. 
Neutralization  tests  carried  out  on  these  toxic  cultures 


the  Sea  of  Okhotsk.  The  results  arc  diagramed  in 
figure  2. 

There  were  no  relationships  between  the  positive 
rates  of  C.  botulinum  type  E  and  the  values  of  pH, 
NaCl-content  and  COD  of  the  water  samples. 


Figure  2.— Distribution  of  C.  botulinum  type  E  in  Hokkaido 
(1965-66). 
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Table  2. -Distribution  of  C  botulinum  in  mud  samples  from  river  or  lake  side  areas  in  Hokkaido 


Percentage  of  type  E 

Place1  Toxicity  of  initial  culture      Type  E  toxin  positive2  toxin  positive 


RIVER 

Mu    14  9  30.00 

Shizunai   -  .  —  3  0  0 

Kuihiro    23  0  26.67 

Shibettu  -  -  —  7  1  3.33 

Shokottu   16  4  13.33 

Tokoro   25  8  26.67 

Shari._.    11  1  3.33 

Horikappu   26  7  23.33 

Shiribetsu   22  6  20.00 

Tokachi   22  10  33.33 

Rekishu    10  5  16.67 

Amino  _   3  0  0 

Yurappu   21  9  30.00 

Rumoe   24  8  26.67 

Te*hio    0  0  0 

LAKE 

Shikotsu     2  1  3.33 

Utonai   11  1  3.33 

Shuparo.    16  6  20.00 

Katsurazawa..   16  13  43.33 

Kussharo  _     28  23  76.67 

Akan   20  7  23.33 

Shumarinai  12  8  26.67 

Tohya                  .   !.   18  8  26.67 

Kuttara    11  0  0 

Poroto   14  0  0 

Shikaribeteu   13  0  0 

Nukabira     14  8  26.67 

Ohnuraa   16  4  13.33 

Kabuto     19  14  46.67 

Soranuma  _   7  0  0 


Total   444  169  »18.78 


>3<>  wmplr,  were  collected  at  each  place. 
■Non.i  war*  pontiw  for  typwi  A,  B.  or  C. 


revealed  that  169  (18.8  percent)  contained  C.  botu- 
linum type  E  toxin.  Toxin  of  the  other  types  of  C. 
botulinum  was  not  demonstrated. 

No  significant  difference  was  observed  among  the 
positive  rates  of  type  E  toxin  at  the  upper,  middle, 
and  lower  reaches  of  the  rivers.  In  general,  type  E 
spores  seem  to  be  disseminated  at  any  reach  in  a 
river  where  they  were  found  in  a  high  rate. 

There  were  no  relationships  between  the  positive 
rate  of  type  E  toxin  and  the  values  of  pH  and  COD 
of  the  water  samples. 

SURVEY  ON  SAMPLES  OF  SOIL  COLLECTED  AT  INLAND 
LOCATIONS 

Further  survey  for  C.  botulinum  was  made  on  260 
soil  samples  collected  at  26  inland  places  where  trees 
had  been  planted  for  afforestation.  Though  the  initial 
cooked  meat  culture  of  124  (47.7  percent)  samples 
were  found  to  be  toxic  for  mice,  none  was  proved  to 
contain  C.  botulinum  toxin  including  type  E. 


Discussion 

The  results  of  the  present  survey  are  of  interest  in 
the  following  three  ways. 

First,  although  C.  botulinum  type  E  was  frcquenUy 
found  in  sand  and  mud  samples  in  Hokkaido,  the 
other  types  have  never  been  detected  in  such  samples. 
This  is  in  agreement  with  the  results  obtained  by  the 
previous  surveys  carried  out  by  the  authors  (8,  10) 
that  type  E  spores  are  dominant  and  ubiquitous  in 
the  soil  of  Hokkaido.  Also  this  is  in  accord  with  the 
fact  that  all  human  outbreaks  of  botulism  encountered 
in  Hokkaido  have  been  exclusively  of  type  E.  It  was, 
however,  reported  that  at  least  two  outbreaks  of 
botulism  in  ranch  minks  in  Hokkaido  were  caused  by 
C.  botulinum  type  C  (9).  Though  this  suggests  that 
type  C  spores  may  also  exist  in  the  soil  of  Hokkaido, 
the  authors  have  not  yet  succeeded  in  demonstrating 
type  C  organisms  in  soil  samples  of  Hokkaido. 

Secondly,  it  is  of  interest  that  type  E  spores  arc 
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found  more  frequently  in  inland  areas  as  compared 
with  coastal  areas.  This  may  support  the  view  that 
type  E  spores  are  terrestrial  in  origin  and  transported 
by  rivers  and  subterranean  waters  to  the  oceans  where 
they  are  disseminated  widely  by  the  ocean  currents. 

Thirdly,  is  the  fact  that  type  E  was  not  demon- 
strated in  soil  samples  collected  at  afforestation  places 
far  from  rivers  and  lakes.  This  might  suggest  that 
though  type  E  spores  are  terrestrial  in  origin,  water 
should  be  closely  related  with  their  proliferation  and 
dissemination  in  nature.  This  seems  to  be  one  of  the 
ecological  characteristics  of  C.  bolulinum  type  E  as 
compared  with  type  A  or  B. 
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Summary 

C.  botulinum  type  E  was  shown  to  be  prevalent  in 
fresh  water  and  marine  sediments  and  in  crab  from 
the  areas  of  Alaska  to  northern  California.  The  inci- 
dence decreased  south  of  this  point  to  the  Mexican 
border.  Type  E  was  detectable  south  only  to  36°  N. 
latitude.  Only  types  A,  B,  and  F  were  found  in 
southern  California.  The  types  B  and  F  cultures  were 
nonproteolytic  and  resembled  type  E  in  physiological 
and  biochemical  characteristics  including  the  ability 
to  grow  and  produce  toxin  at  refrigeration  temper- 
atures as  low  as  38°  F.  (/,  2). 

Introduction 

Clostridium  botulinum  type  E  was  first  isolated  in 
Russia  from  the  intestines  of  a  sturgeon  and  identified 
as  such  in  1936  by  Gunnison  ct  al.  (4).  Since  this 
original  isolation,  small  outbreaks  of  type  E  botulism 
have  occurcd  in  North  America.  In  1963,  a  surge  of 
interest  in  C.  botulinum  followed  the  human  botulism 
outbreaks  from  canned  fish  from  the  Pacific  coast 
and  smoked  fish  from  the  Great  Lakes  region  of  the 
United  States.  These  1963  botulism  outbreaks  empha- 
sized the  lack  of  information  concerning  the  preva- 
lence of  C.  botulinum  type  E  in  the  marine  and  fresh 
water  environments.  Accordingly,  one  of  the  phases 
of  our  studies  was  to  determine  the  incidence  of  C. 
botulinum  in  marine  and  fresh  water  sediments  and 
crab  collected  from  these  environments  on  the  Pacific 
coast  of  the  United  States. 

Methods 

Because  of  the  sensitivity  of  C.  botulinum  type  E 
spores  to  heat,  no  attempt  was  made  to  eliminate  the 
other  non-spore-forming  bacteria  in  fear  that  type 
E  itself  might  be  destroyed.  Therefore,  samples  to  be 
analyzed  were  inoculated  directly  into  cooked  meat 
medium  and  incubated  anaerobically  in  an  atmos- 
phere of  95  percent  nitrogen  and  5  percent  carbon 
dioxide. 

After  3  days  of  incubation  at  30°  C.  or  5  days  of 
incubation  at  25°  C,  an  aliquant  of  the  enrichment 
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culture  was  ccntrifuged  in  a  refrigerated  centrifuge 
(5°  C.)  at  10,000  r.p.m.  for  10  minutes  and  the  super- 
natant was  assayed  for  botulinum  toxin  by  intraperi- 
toneal injection  of  0.4  ml.  of  the  supernatant  into 
each  of  a  pair  of  white  mice  (15  to  22  g.  in  weight). 
In  some  cases,  the  injection  of  this  dilution  gave  rise 
to  a  shock  condition  which  was  lethal  to  mice  within 
10  to  15  minutes  after  injection.  If  this  occurred,  a 
dilution  of  1  -4  was  usually  sufficient  to  overcome  the 
lethal  factor.  In  the  early  phases  of  our  studies,  the 
supernatant  of  each  sample  was  tested  for  botulinus 
toxin  in  both  the  trypsinized  and  untrypsinized  states. 
From  these  studies,  it  was  concluded  that  the  majority 
of  the  samples  that  were  positive  in  the  trypsinized 
state  were  also  positive  in  the  untrypsinized  state. 
Therefore,  in  later  studies,  all  of  the  sample  super- 
natants  were  tested  for  toxin  in  the  untrypsinized 
state.  Any  of  the  samples  which  were  not  lethal  to 
mice  within  18  hours  after  injection  of  the  untryp- 
sinized samples  were  then  checked  using  a  trypsinized 
sample.  The  sample  supernatant  was  held  at  40°  F. 
during  the  interim. 

Trypsinization  procedures  were  those  of  Duff  ct  al. 
(3)  using  a  final  concentration  of  0.25  percent  trypsin. 

Mice  were  observed  closely  for  the  first  8  to  10 
hours  after  injection  for  characteristic  symptoms  of 
botulism  and  the  death  time  of  the  mice  was  recorded. 
All  mice  were  observed  for  at  least  4  days. 

In  cases  where  diagnostic  studies  were  necessary  to 
identify  the  lethal  toxin,  a  ratio  of  0.4  ml.  of  super- 
natant or  dilution  thereof  was  mixed  in  vitro  with  0. 1 
ml.  of  a  monovalent  antitoxin  of  types  A,  B,  E,  or  F. 
The  mixture  was  allowed  to  stand  for  1  hour  at  25° 

C.  and  0.5  ml.  of  this  mixture  was  injected  intrapcri- 
toneally  into  mice.  If  antitoxins  type  A,  B,  E,  or  F 
failed  to  neutralize  the  toxin,  the  toxic  broth  (0.4 
ml.)  was  mixed  in  vitro  with  a  polyvalent  antitoxin 
(0.1  ml.)  containing  equal  volumes  of  types  A,  B,  C, 

D,  E,  and  F.  If  the  mice  receiving  the  polyvalent  anti- 
toxin survived,  the  sample  was  further  analyzed  to 
determine  whether  C  and  D  were  present  or  mixtures 
of  toxins  were  present.  In  the  beginning  of  our  studies, 
each  sample  containing  toxic  factors  was  tested  for  the 
heat  lability  of  the  toxin;  however,  this  procedure  was 
used  infrequently  in  later  studies. 
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Incidence  of  C.  botulinum  in  crab.— Live  crabs 
were  collected  by  our  personnel  aboard  commercial 
or  research  vessels.  These  crabs  were  taken  at  points 
from  Ketchikan,  Alaska,  to  San  Francisco,  Calif.  Each 
crab  was  dissected  aseptically  and  the  gills,  intestinal 
tract,  and  underside  of  the  carapace  were  inoculated 
into  CM  enrichment  medium.  The  enrichments  were 
incubated  for  3  days  at  30°  C.  and  then  assayed  for 
botulinum  toxins. 

Incidence  of  C.  botulinum  in  crab  processing 

plants. — Surface  of  processing  equipment. — Sterile  cot- 
ton swabs  were  used  for  this  sampling.  An  area  of  ap- 
proximately 4  square  inches  was  swabbed  with  4  to 
6  different  swabs.  These  swabs  were  then  transferred 
into  tubes  of  medium,  breaking  the  swabs  below  the 
point  of  handling  by  inserting  the  swab  inside  the 
mouth  of  the  tube  and  applying  pressure  to  the  stick 
against  the  inside  wall  of  the  tube. 

Sodium  chloride  flotation  tanks.— Since  the  sodium  chlo- 
ride brine  is  a  saturated  solution  which  would  be 
inhibitory  to  the  outgrowth  of  C.  botulinum  and  also 
because  the  spores  might  be  present  in  small  numbers, 
an  attempt  was  made  to  lower  the  sodium  chloride 
content  and  at  the  same  time  to  concentrate  the 
spores,  if  possible.  The  brine  solution  contains  a  large 
amount  of  protcinaccous  material  which  prevents  its 
filtration.  Therefore  the  procedure  finally  adopted 
was  to  centrifuge  the  brine  solution  in  50-ml.  sterile 
polycarbonate  centrifuge  tubes  fitted  with  stoppers. 
After  centrifugation,  the  supernatant  was  pipetted  off 
and  the  precipitate  resuspended  in  sterile  peptone 
water  (0.1  percent  peptone)  and  again  centrifuged. 
This  procedure  was  repeated  three  times  and  the 
final  precipitate  was  resuspended  in  CM  broth  and 
in  turn  was  transferred  to  a  tube  of  CM  medium. 
With  this  procedure,  the  sodium  chloride  was  diluted 
to  a  point  where  it  does  not  inhibit  C.  botulinum  type 
E.  The  precipitate  from  approximately  250  ml.  of 
brine  was  thus  added  to  each  tube. 

Picked  crabmeat. — Approximately  100  g.  of  picked 
crabmcat  was  collected  from  each  "shaker."  Samples 
were  collected  throughout  the  working  day  of  the 
processing  plant.  The  meat  was  then  held  on  ice  and 
transported  to  the  laboratory  and  inoculated  into 
botdes  of  CM  medium.  The  botdes  were  incubated 
anaerobically  at  30°  C.  for  3  days  and  toxin  assays 
made. 

Incidence  of  C.  botulinum  in  marine  and  fresh 
water  sediments.— Mud  samples  were  collected  with 
the  aid  of  a  gravity  corer.  As  an  extra  precaution  to 
avoid  cross-contamination  from  sample  to  sample,  the 
bottom  of  the  corer  and  plastic  inserts  were  immersed 
in  1,000  p.p.m.  sodium  hypochlorite  solution  and 
allowed  to  stand  for  20  minutes.  Rinsing  of  the  core 
tip  was  accomplished  by  the  sea  water  which  flowed 
through  it  as  it  dropped  to  the  bottom.  The  sediment 


samples  were  taken  to  the  laboratory  and  5  g.  of  each 
sample  were  inoculated  into  CM  medium  and  incu- 
bated at  25°  C.  for  5  days  prior  to  assaying  for  botu- 
linus  toxins. 

Incidence  of  C.  botulinum  at  different  depths  of 
marine  and  fresh  water  sediments.— Mud  samples 
were  collected  from  Lake  Washington  and  Pugct 
Sound  with  the  use  of  a  gravity  corer  fitted  with 
plastic  inserts.  The  core  samples  were  stoppered  on 
both  ends  with  sterile  rubber  stoppers  and  returned 
to  the  laboratory.  The  exterior  of  the  plastic  insert 
was  washed  with  1,000  p.p.m.  chlorine,  rinsed  with 
sterile  water,  and  dried  with  sterile  cotton.  The  cores 
were  then  cut  into  1.5-inch  sections  with  sterile  hack- 
saw blades.  Both  ends  of  the  1.5-inch  sections  were 
flaked  away  with  sterile  cotton  swabs.  The  center  of 
the  1 .5-inch  core  was  then  removed  using  an  0.5-inch 
sterile  cork  borer.  Each  sample  was  inoculated  into 
cooked  meal  medium  and  incubated  at  25°  C.  for 
5  days  and  assayed  for  botulinum  toxin. 

Results  and  Discussion 

Incidence  of  C.  botulinum  in  crab.— A  total  of 
919  crab  body  sections  (gills,  intestinal  tracts,  and 
shells)  representing  369  live  crabs  from  the  coastal 
areas  of  Alaska,  Washington,  Oregon,  and  California 
have  been  examined  for  the  presence  of  C.  botulinum. 

The  results  of  the  occurrence  of  C.  botulinum  in  live 
crabs  taken  from  the  different  areas  are  summarized 
in  table  1.  The  incidence  of  C.  botulinum  in  crab  was 
as  follows:  57  percent  from  Ketchikan,  Alaska;  61  to 
75  percent  from  Bellingham  Bay,  Wash.;  75  percent 
from  Grays  Harbor,  Wash.;  and  87  percent  in  the  area 
of  the  Columbia  River  off  the  coast  of  Oregon.  As  one 
proceeds  south,  the  incidence  of  C.  botulinum  type  E 
is  less:  14  percent  in  Eureka  area;  30  percent  in  Fort 
Bragg;  and  12  percent  in  San  Francisco,  Calif. 

The  types  of  C.  botulinum  found  in  the  crab  samples 
were  mainly  C.  botulinum  type  E.  The  types  of  C. 
botulinum  from  the  different  regions  arc  also  shown  in 
tabic  1.  One  culture  of  C.  botulinum  nonproteolytic 
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type  B  was  demonstrated  in  the  Bcllingham  Bay  area. 
One  culture  of  type  A  was  demonstrated  in  a  crab 
sample  taken  from  Grays  Harbor,  Wash.,  and  a  type 
C  culture  was  found  in  crab  taken  from  San  Francisco, 
Calif. 

It  is  interesting  to  note  that  in  one  sampling  from 
the  area  of  Bcllingham  Bay  (data  not  shown)  samples 
were  collected  approximately  1  mile  from  a  pulpmill 
and  away  from  the  pulpmill  to  a  final  distance  of 
approximately  5  miles.  This  sampling  track  was  de- 
signed to  determine  whether  the  incidence  may  have 
had  any  relationship  to  the  wastes  of  the  pulpmill. 
The  incidence,  however,  was  uniformly  high  on 
samples  taken  at  the  different  distances  from  the  pulp- 
mill.  Crab  taken  closest  to  the  mill  definitely  had  a 
different  color  due  to  the  wastes  from  the  mill.  As  one 
proceeded  away  from  the  mill,  the  color  of  the  crab 
became  more  natural. 

A  comparison  of  the  death  times  of  mice  injected 
with  supernatant  containing  toxin  of  C.  botulinum  type 
E  is  shown  in  figure  1.  The  majority  of  the  positive 
samples  proved  to  be  lethal  within  24  hours  after 
injection.  This  is  in  agreement  with  other  researchers 
who  have  reported  that  if  the  toxin  of  type  E  is 


present,  it  will  be  lethal  to  mice  within  24  hours.  We 
have  found  in  the  majority  of  cases  that,  if  mice  do 
not  die  within  24  hours  during  the  initial  screening, 
the  lethal  levels  of  toxin  are  no  longer  detectable 
during  the  neutralization  tests. 

Incidence  of  C.  botulinum  in  crab  processing 
plants.— Three  areas  within  the  processing  plants 
were  sampled:  (1)  The  equipment  and  tables  where 
the  crab  is  picked,  (2)  the  brine  from  the  flotation 
tanks,  and  (3)  the  picked  crabmeat  before  it  passes 
into  the  brine  flotation  tanks.  All  of  these  areas 
sampled  were  beyond  the  boiling  tanks  within  the 
plant. 

The  incidence  of  C.  botulinum  from  plant  equip- 
ment, brine  solutions,  and  crabmeat  is  summarized 
in  table  2.  Ninety-four  surfaces  of  plant  equipment, 
four  brine  solutions,  and  66  samples  of  picked  crab- 
meat have  been  examined  from  two  different  process- 
ing plants.  All  of  these  samples  failed  to  yield  the 
botulinus  toxin  under  the  conditions  of  these  experi- 
ments. One  sample  of  picked  crabmeat  yielded  a 
toxin  which  was  lethal  to  mice  23  to  28  hours  after 
injection.  However,  when  neutralization  tests  were 
made,  the  toxic  factor  was  no  longer  present. 
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of  the  death  times  of  mice  injected  with  the  supernatant  of  incubated  crab 
as  containing  the  toxin  of  Clostridium  botulinum  type  E. 
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!  of  Clostridium  botulinum  In  crab 
processing  plants'  


Samples  tested 


Number  of 
samples 


Number  of 

samples 
containing 

c.  : 


Swabs  of  equipment   94  0. 

Brine  solutions  .4  0. 

Picked  crab  meat  -66  I 


pie? 


'All  samples  taken  beyond 


tacks  in  the 


It  has  been  shown  in  earlier  sections  of  this  report 
that  a  high  percentage  of  the  live  crab  arc  contami- 
nated with  C.  botulinum  type  E.  The  question  arises  as 
to  where  in  the  processing  plant  can  the  organism  be 
destroyed  or  how  can  we  prevent  the  entrance  of 
type  E  into  the  final  product.  Because  of  the  sensitivity 
of  type  E  to  heat,  the  most  likely  point  in  the  plant 
to  destroy  type  E  would  be  the  boiling  tanks.  The 
objective  of  this  experiment  was  to  compare  the 
incidence  of  type  E  in  live  crabs  as  they  enter  the 
processing  plant  and  the  incidence  in  whole  cooked 
crabs.  The  crabs  used  for  the  picked  meat  are 
butchered  before  being  cooked,  in  which  case  the 
body  cavity  is  direcdy  exposed  to  the  boiling  water. 
However,  the  whole  crab  are  also  boiled  and  sold  on 
the  fresh  market  in  the  shell.  Therefore  the  product 
offering  the  greatest  amount  of  protection  to  type  E 
would  be  the  whole  crab.  If  insufficient  cooking  re- 
sulted, it  is  foreseeable  that  the  cooling  tanks  could 
become  contaminated  and  in  turn  contaminate  the 
butchered  crab  to  be  used  for  the  picked  crabmcat. 

Results  from  these  studies  are  summarized  in  table 
3.  Twenty-eight  percent  of  the  gill  samples  and  44  per- 
cent of  the  shell  samples  obtained  from  the  uncooked 
crab  were  confirmed  as  being  contaminated  with  type 
E.  Type  E  could  not  be  detected  in  any  of  the  cooked 
crab. 

Incidence  of  C.  botulinum  in  marine  and  fresh 
water  sediments.— Samples  were  collected  from  Lake 
Washington  and  along  the  west  coast  of  the  United 
States  to  the  Mexican  border.  The  occurrence  of  C. 
botulinum  in  individual  core  mud  samples  from  the 


Table  3.— Occurrence  of  Clostridium  botulinum  in 
crab  before  and  after  boiling  tanks 


Sample 


Number 


Samples  contam- 
inated with  type  £ 
(percent) 


Uncooked: 

Gills  

18 

28 

Shell  - 

18 

44 

Cooked: 

Gills  

18 

U 

Shell  

18 

0 

14 

0 

coastal  areas  of  Washington,  Oregon,  and  California 
is  presented  in  table  4.  Type  E  was  demonstrated  in 
marine  sediments  collected  along  the  Pacific  coast  of 
the  United  States  from  49°  to  36°  N.  latitude.  How- 
ever, only  types  A,  B,  and  F  were  found  south  of  36° 
N.  latitude.  The  type  B  demonstrations  all  required 
trypsin  activation  to  obtain  lethal  levels  of  toxin 
(samples  incubated  5  days  at  25°  C.  before  being 
assayed  for  toxin).  These  type  B  cultures  have  now 
been  separated  into  pure  cultures.  All  of  these  type  B 
cultures  are  nonproteolytic  and  trypsin  treatment 
markedly  increases  the  toxin  titer. 

Type  F  has  been  demonstrated  on  four  occasions 
from  marine  sediments  collected  off  the  coasts  of 
Oregon  and  California  and  pure  cultures  have  been 
obtained  from  the  enrichments.  Two  of  the  type  F 
demonstrations  came  from  sediments  collected  at  a 
depth  of  1,646  meters,  the  third  from  a  depth  of 
1,326  meters,  and  the  fourth  from  a  depth  of  235 
meters. 

The  incidence  of  C.  botulinum  was  also  very  high  in 
fresh  water  sediments  collected  in  the  State  of  Wash- 
ington. In  fact,  100  percent  of  the  sediments  collected 
in  the  Columbia  River  200  miles  from  the  Pacific 
Ocean  contained  type  E  or  type  A. 

Marine  and  fresh  water  sediments  have  also  been 
inoculated  into  CM  medium  on  a  "Most  Probable 
Number"  (MPN)  basis.  From  the  marine  sediments 
of  Bcllingham  Bay,  Wash.,  the  MPN  varied  from  54 
to  3,200  type  E  cells  per  100  g.  of  sediment.  From  the 


Table  4.— Occurrence  of  C.  botulinum  in  marine  and  fresh  water 
sediments  collected  on  the  Pacific  coast  of  the  United  States 


Area  where  collected 


Depth  (fathoms) 


Number  positive/ 
number  tested 


Number  positive  for  indicated 
C.  botulinum  type 


Washington: 

Bay  

Ocean  

Fresh  water  

Oregon   

California: 

To  36°  N.  latitude  

Shore,  41°  N.  latitude. 
36°-32°  N.  latitude- 
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fresh  water  sediments  of  Lake  Washington  (adjacent 
to  Scatdc),  the  MPN  varied  from  1,840  to  3,500  type 
E  cells  per  100  g.  of  sediment. 

Comparison  of  the  incidence  of  type  E  in  crab, 
mud,  and/or  fish  taken  from  the  same  area. — On 
several  occasions,  we  have  had  the  opportunity  to 
collect  fish,  mud,  and  crab  from  the  same  area.  It  is 
therefore  of  interest  to  know  what  the  incidence  of 
type  E  is  in  the  fish  and  crab  in  relation  to  their  en- 
vironment A  summary  of  the  incidence  of  type  E  in 
these  different  samples  is  shown  in  table  5. 


untrypsinized  states,  whereas  type  B  toxin  was  de- 
tected only  after  trypsin  activation.  This  is  interesting 
in  that  type  E  toxin  was  activated  in  the  enrichment 
culture,  whereas  the  toxin  of  the  type  B  culture  was 
detectable  only  after  trypsin  activation,  indicating 
that  the  type  B  toxin  was  present  only  in  the  protoxin 
state. 

In  the  fresh  water  sediment  cores,  type  E  was 
found  at  all  depths  of  the  core.  In  one  of  the  cores,  a 
mixture  of  types  E  and  C  was  found.  This  mixture  of 
types  was  consistent  in  each  of  the  1.5-inch  sections 


Table  5.— A  comparison  of  the  incidence  of  C  botulinum  from 

with  the  incidence  in  crab  and  fish  collected  from  the  same 


Area  where  collected 


Sample 


Depth  taken 


Samples  positive  (percent) 


Columbia  River  Mud- 
Crab. 
Fish.. 

Grays  Harbor,  Wash   Mud_ 

Crab. 

Puget  Sound  .    Mud. 

Fish  - . 

Eureka,  Calif.  Mud. 

Crab. 


.50  1 

 do... 

 do.... 

.32  fathoms . 

 do._-- 

.30  fathoms. 

 do-..- 

.15  fathoms. 
 do.... 


67 
42 
83 
75 
75 
86 
3 
7 

14 


From  the  area  southwest  of  the  mouth  of  the  Colum- 
bia River,  crab,  mud,  and  fish  were  taken  at  a  depth  of 
50  fathoms.  All  samples  were  heavily  contaminated 
with  type  E  (one  culture  of  type  B).  A  similar  trend 
is  observed  when  the  crab  and  mud  samples  were 
collected  in  the  Grays  Harbor  area  in  that  both  mud 
and  crab  were  heavily  contaminated  with  type  E. 

From  the  Puget  Sound  area,  mud  and  fish  were 
collected  at  a  depth  of  30  fathoms.  In  this  experi- 
ment, the  mud  was  heavily  contaminated  with  type 
E  but  only  3  percent  of  the  fish  contained  type  E. 

From  the  Eureka,  Calif.,  area,  mud  samples  were 
gathered  aboard  fishing  vessels  from  the  bottoms  of 
crab  traps  and  crab  were  taken  from  the  inside  of  the 
traps.  Fourteen  percent  of  the  crab  taken  during  the 
study  were  contaminated  with  type  E  and  7  percent 
of  the  mud  samples  contained  type  E  (one  sample 
yielded  type  A). 

Incidence  of  C.  botulinum  at  different  depths  of 
marine  and  fresh  water  sediments.— The  next  study 
was  undertaken  to  determine  the  depth  of  occurrence 
of  C.  botulinum  spores  in  undisturbed  fresh  water  and 
marine  sediments. 

One  of  the  mud  cores  collected  from  the  Puget 
Sound  area  contained  type  E  only  in  the  top  1.5-inch 
section  of  the  core.  The  other  two  cores  collected 
from  the  marine  areas  contained  type  E  in  each  of 
the  1.5-inch  sections  to  a  depth  of  12  inches  (the 
greatest  depth  of  sample  core).  In  one  of  the  1.5-inch 
core  sections,  types  B  and  E  toxin  were  detected. 
Type  E  toxin  was  detectable  in  the  trypsinized  and 


to  a  depth  of  12  inches.  This  is  the  first  time  that  we 
have  detected  type  C  in  areas  north  of  the  Columbia 
River. 

Of  the  different  samples  analyzed  during  the  sur- 
vey, all  of  the  nonproteolytic  type  B  cultures,  one 
culture  of  type  A,  and  29  cultures  of  type  E  required 
trypsin  activation  in  order  to  detect  lethal  levels  of 
toxin  in  the  enrichment  culture. 

We  have  also  examined  12  samples  of  Kona  crab 
and  the  gills  and  intestines  of  six  Bigeye  scad  collected 
from  the  waters  of  the  Hawaiian  Islands  for  the  inci- 
dence of  C.  botulinum.  None  of  these  enrichment 
samples  contained  botulinum  toxin  after  5  days  of 
incubation  at  25°  C.  Admittedly,  one  cannot  draw  any 
conclusions  from  such  a  limited  sampling,  but  it 
indicates  that  the  incidence  is  probably  low. 
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EPIDEMIOLOGICAL  OBSERVATIONS  ON  BOTULISM  IN  JAPAN, 
ESPECIALLY  ON  THE  PRESENT  STATUS  IN  THE  AKITA  PREFECTURE 


by  Eiichiro  Kodama 

The  Akita  Prefectural  Institute  of  Public  Health,  Akita-shi,  Japan 


Summary 

The  presence  of  boiulism  in  Japan  was  reviewed 
from  the  first  incidence  at  Hokkaido  in  1951  to  date, 
comprising  57  outbreaks,  including  319  patients  and 
83  deaths.  A  summary  of  the  epidemiological  observa- 
tions revealed  the  following: 

The  outbreaks  of  botulism  were  limited  to  the 
areas:  Hokkaido,  and  four  prefectures  of  the  north- 
eastern part  of  Japan.  The  average  morbidity  of 
botulism  was  57.4  percent  and  the  average  mortality 
was  26.0  percent. 

The  toxigenic  food  was  "izushi"  of  raw  fish  or 
analogous  food,  so-called  "kirikomi"  or  "kayuzushi." 
One  case  was  due  to  "sujiko"  (salted  salmon  egg  or 
hard  roe),  and  one  case  due  to  canned  fish  (mackerel). 
No  cases  were  caused  by  animal  meat  or  shellfish, 
nor  vegetable  izushi.  Twenty-two  kinds  of  fish  were 
implicated  as  the  cause  of  izushi  poisoning.  Flatfish 
was  most  frequent;  other  fish  involved  were  hatahata, 
mackerel,  pike,  and  saurel. 

Among  the  botulinal  patients,  74  were  male  and 
91  female.  By  age  classification,  most  patients  were  in 
the  young  adult  and  middle  age  groups  with  few 
patients  in  the  young  or  very  old,  but  there  were  nine 
children  under  9  years  of  age.  The  incidence  of  botu- 
lism was  frequently  seasonal  in  spring  and  autumn, 
especially  in  autumn.  The  incubation  time  reported 
was  18.9  hours  on  the  average,  and  the  interval  from 
the  onset  of  botulism  to  death  averaged  21.0  hours. 

Among  the  clinical  signs  and  symptoms,  the  gastro- 
intestinal preceded  the  neurological  in  most  cases. 
The  most  frequent  were  as  follows,  in  order:  nausea 
and  vomiting  (85.3  percent),  amblyopia  (78.4  per- 
cent), thirst  (73.6  percent),  abdominal  swelling  or 
meteorism  (61.2  percent),  numbness  of  extremities 
(57.3  percent),  midriasis  (52.6  percent),  double  vision 
(44.3  percent),  hoarseness  (42.6  percent),  abdominal 
pain  (41.9  percent),  dyspnea  (38.0  percent),  and  other 
of  lesser  frequencies. 

The  distribution  of  Clostridium  bolulinum  in  the  Akita 
Prefecture  is  heavy  in  the  soil  on  the  perimeter  of 
Lake  Hachiro,  especially  in  the  southern  part,  and 
also  in  the  soil  of  Oga  Peninsula.  Twenty-four  strains 
of  C.  botulinum  were  isolated  and  all  were  of  type  E 
with  exception  of  four  strains  of  type  A.  Type  B  has 


not  been  isolated  from  soil.  Botulism  due  to  type  A  or 
B  has  not  occurred  as  yet  in  the  Akita  Prefecture.  C. 
botulinum  type  E  was  also  isolated  in  high  frequency 
from  the  fish  of  Lake  Hachiro  but  few  isolations  were 
made  from  the  homemade  izushi  or  from  the  izushi 
at  the  markets. 

Clostridium  botulinum  type  E  was  found  to  be  excreted 
gradually  after  the  ingestion  of  botulinal  izushi  and 
its  excretion  was  occasionally  prolonged  to  approxi- 
mately 2  weeks. 

Introduction 

It  is  difficult  to  find,  historically,  the  presence  of 
botulism  in  the  Japanese  literature.  But  it  is  not  so 
recent  as  to  have  been  introduced  from  foreign 
countries. 

In  1850,  Kuwata  Shoan  had  translated  into 
Japanese,  a  book  on  toxicology  written  by  a  German 
doctor,  named  Sacks,  which  made  mention  of  botu- 
lism. Since  then,  the  term  was  mentioned  at  times  in 
Japanese  journals  or  books,  but  there  had  been  no 
report  of  outbreaks  of  botulism  in  Japan  until  rela- 
tively recently. 

In  1951,  Nakamura,  Iida,  and  others,  certified  the 
presence  of  C.  botulinum  in  Japan,  for  the  first  time, 
on  the  occasion  of  the  izushi-poisoning  at  Iwanai  in 
Hokkaido  (/,  2).  Since  then  the  number  of  outbreaks 
of  botulism  in  Japan  has  gradually  increased,  57 
having  been  reported  to  date.  It  seems  that  other 
outbreaks  of  botulism  must  have  occurred  somewhere 
in  the  past,  but  none  had  been  reported. 

I  have  studied  epidemiological  observations  on 
botulism  in  Japan  from  the  documentation  on  re- 
ported cases,  and  I  wish  to  review  those  observations 
together  with  the  present  status  of  botulism  in  the 
Akita  Prefecture. 

The  Present  Status  of  Botulism  in  Japan 

The  incidence  of  botulism  in  Japan  is  now  limited 
to  Hokkaido  and  four  prefectures  in  the  northeastern 
part  of  Honshu  (Aomori,  Akita,  Iwate,  and  Yama- 
gata).  As  shown  in  table  1  and  figure  I,  there  were 
35  outbreaks  in  Hokkaido,  and  22  outbreaks  in  four 
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Tabl.  l.-lncidence,  morbidity  and  mortality  of  botulism  In  Japan,  1951-68 


Place  of  incident 


Number  of      Persons  who 


Number  of 

Number  of 
Ueaths 

Morbidity 
!  percent  J 

Mortality 
I  pot  cent  1 

231 

43 

53.5 

18.6 

60 

24 

80.0 

40.0 

17 

8 

54.8 

47.1 

8 

5 

53.3 

62.5 

3 

3 

100.0 

100.0 

319 

83 

•57.4 

'26.0 

Hokkaido  

Akita  Prefecture  

Aomori  Prefecture  

Iwate  Prefecture  

Yamagata  Prefecture. 

Total  

»Av 


35 
13 
6 

1 


57 


432 
75 
31 
15 
3 


556 


[  Thf  number  indi 
csitea  ti.e  order 
of  incidence  ) 

.:,UAH  3EA 


prefectures  of  Honshu,  a  total  of  57.  These  included 
556  persons  who  had  eaten  botulinal  food;  319 
became  ill  and  83  died.  Therefore,  the  average 
morbidity  was  57.4  percent,  but  in  different  outbreaks 
morbidity  ranged  from  53.3  to  100  percent.  Incidence 
of  mortality  was  26.0  percent,  but  it  also  varied  from 
18.6  to  100  percent. 

Some  suspected  cases  of  botulism,  occurring 
primarily  before  1 95 1 ,  whose  cause  of  death  had  been 
reported  as  unknown,  are  listed  in  table  2.  There 
were  two  such  cases  in  Hokkaido,  one  in  Aomori, 


and  eight  in  the  Akita  Prefecture  (J4).  We  searched 
for  such  cases  which  occurred  from  1930  to  1952,  in 
areas  around  Lake  Hachiro.  In  these  cases,  some 
kind  of  fish  was  eaten  as  izushi,  and  the  clinical 
symptoms  and  signs,  such  as  abdominal  pain,  nausea 
and  vomiting,  headache,  thirst,  hoarse  voice,  numb- 
ness of  whole  body,  ptosis  palpebrae,  and  dyspnea, 
had  been  described. 

The  majority  of  the  cases  of  botulism  in  Japan  are 
caused  by  type  E,  with  one  exception  of  type  B  in 
Aomori  (2).  No  case  caused  by  type  A  has  been 
reported. 

On  the  Food  Incriminated 

Izushi  of  various  fishes  is  the  incriminated  food  in 
most  cases  of  botulism  in  Japan.  In  addition  to  izushi- 
poisoniug,  four  cases  due  to  the  kirikomi  of  some  fish 
were  reported  (Hokkaido).  One  case  was  caused  by 
kayuzushi  of  some  fish  (Iwate),  but  these  arc  similar 
in  quality  to  izushi.  There  was  also  one  case  reported 
as  due  to  sujiko  (salted  salmon  egg)  and  also  one  case 
was  reported  as  due  to  canned  mackerel. 

Many  kinds  of  fish  are  used  to  prepare  izushi.  We 
find  22  kinds  of  fishes  incriminated  in  botulinal  cases. 
Eighteen  cases  were  caused  by  flatfish,  10  cases  by 
hatahata,  four  cases  by  saury,  three  cases  by  mackrel 
and  saurel,  two  cases  by  herring,  sardine,  and  trout, 
respectively,  one  case  each  by  dace,  salmon,  young 
trout,  codfish,  Lotella  phycis,  Hexagrammos  octogrammus 
(Pallas),  Plturogrammus  monopterygius  (Pallas),  oonago, 
sea  bream,  Pygosleus  sinensis  (Guichenot),  Chloea 
sarchynnis,  carp,  Sebastodes  ftammeus  (?)  and  half  break. 

The  vegetables  employed  in  botulinal-izushi  in- 
cluded carrot,  cabbage,  beefsteak  plant,  radish, 
ginger,  eggplant,  turnip,  chrysanthemum.  As  condi- 
ments, salt,  vinegar,  acetic  acid,  sake,  sugar,  rice  malt, 
mirin,  and  red  pepper,  were  used  in  one  or  more 
kinds  of  izushi.  The  izushi  is  generally  eaten  in  the 
raw  state,  but  it  may  be  eaten  occasionally  with  miso 
or  shoyu,  after  boiling.  Until  now  such  cooked  izushi 
has  not  caused  poisoning. 
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Table  2.-Suspected  outbreaks  of 


in  Japan  reported  from  1930-55 


Date  of  outbreak 


Location  of  outbreak 


Persons  who  Causal  food 

ate  izushi       Patients         Deaths  (kind  of  izushi) 


HOKKAIDO 

June  1945...  Tomamae-cho . 

Sept.  1950   Monbctsu-gun. 


Total  

AKITA  PREFECTURE 

Oct.  1930  Oga-shi. 

Oct.  1934   Tc 

Dec.  1940  Te 

May  1948  Katanishi-i 

Nov.  1950  Tenno-machi. 

Oct.  1951  Kotohama-imi 

June  1952   Hitoichi-machi. 

Sept-  1955  


? 
? 
? 
? 
? 
•1 
10 
1 


14 

'< 

f> 
4 
1 

4 

7 
I 


3 
2 


1 
1 

2 
2 
1 

2 
1 


Herring. 
Flatfish. 


Konosirus. 
Mackerel. 
Halfbreak. 
Carp  and  flatfish. 
Halfbreak. 
Goby. 
Flatfish. 
Mulkt. 


Total. 


32 


10 


AOMORt  PREFECTURE 

Oct.  1950  Imabetsu-machi. 


Mackerel. 


Clinical  Symptoms  and  Signs  of  Botulism 
in  Japan 

There  has  been  a  belief  among  the  people  residing 
near  Lake  Hachiro  that,  when  a  poisoning  due  to 
izushi-eaung  has  occurred,  one  must  loose  his  life. 
This  leads  one  to  suspect  botulinal  poisoning.  From 
this  folk  belief,  it  is  apparent  that  the  mortality  from 
izushi-poisoning  is  very  high. 

Out  of  the  reports  on  the  319  botulinal  patients 
since  1951,  I  have  selected  findings  of  cases  whose 
clinical  descriptions  were  relatively  detailed.  From 
these  reports,  the  following  summary  was  extracted: 

Morbidity.— As  shown  in  table  1,  the  average 
morbidity  was  57.4  percent,  but  regional  difference 
ranging  from  53.5  percent  (Hokkaido)  to  100  percent 
(Yamagata)  are  evident. 

Mortality.— Differences  appear  in  regard  to  mor- 
tality among  outbreaks  in  different  regions,  from  18.5 
percent  in  Hokkaido  to  100  percent  in  Yamagata. 
The  mortality  in  Hokkaido  is  lowest  of  all,  perhaps 
because  of  the  availability  of  antiserum  therapy  {4). 

Incubation  period. — As  shown  in  table  3,  the 
longest  incubation  period  (average)  occurred  in 
Hokkaido  20.2  hours,  and  the  shortest  reported  15.3 
hours  in  Iwate,  and  the  overall  average  was  18.9 
hours. 

Sex  and  age  of  patients. — Among  165  cases  of 
botulism,  74  were  male  and  91  were  female.  There  is 
no  explanation  for  the  higher  incidence  in  females. 
According  to  the  classification  by  age  (table  4), 
patients  were  primarily  in  the  young  adult  and 
middle  age  groups,  and  fewer  in  the  very  young  and 
in  the  very  old.  But  it  is  evident  that  there  were  some 
young  patients.  Nine  patients  were  under  9  years  of 


Table  3.— The  period  of  incubation  of  botulism  in 


Location  of  outbreaks 

Number  of 

Average  period 
of  incubation 
(hours) 

Hokkaido  

70 

20.2 

Akita  Prefecture  

59 

17.5 

10 

19.7 

3 

15.3 

3 

17.3 

Total  

145 

'18.9 

age,  especially  one  boy  and  one  girl,  both  of  whom 
were  4  years  old. 

Seasonal  incidence. — In  ancient  times  izushi  was 
usually  processed  in  winter,  and  at  that  time  izushi 
had  a  meaning  of  "winter  food",  but  in  recent  times, 
with  the  greater  abundance  of  foodstuff,  izushi  is 
processed  in  other  seasons  and  has  acquired  a  connota- 
tion of  a  subsidiary  item  of  the  diet.  The  seasonal 
incidence  of  botulism  is  recorded  in  table  5;  seven 
cases  occurred  in  spring,  eleven  cases  in  summer, 
thirty-one  cases  in  autumn,  and  eight  in  winter.  Botu- 
lism is  most  frequent  in  autumn.  Most  of  the  farmers 
in  Japan  plow  their  rice  fields  in  late  spring  or  early 
summer  and  autumn.  Botulinal  poisoning  is  apt  to 
happen  in  such  busy  seasons,  because  farmers 
willingly  eat  izushi  in  order  to  save  time  in  the 
kitchen. 

The  interval  from  onset  to  death. — The  time,  from 
the  beginning  of  signs  and  symptoms  to  death,  varied 
somewhat  in  different  areas  (see  table  6).  The  shortest 
interval  reported  was  8  hours  (Iwate),  and  the  longest 
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I  patients  in  Japan,  by  sex  and  age 


Age  (years) 


Location  of  outbreaks 

Sex 

0  to  9 

10  to  19 

20  to  29 

30  to  39 

40  to  49 

50  to  59 

60  to  69 

70  to 

Total 

Hokkaido  

M 

0 

i 

8 

8 

4 

b 

4 

0 

33 

F 

5 

lu 

7 

8 

4 

n 

42 

Akita   

M 

0 

* 

5 

2 

3 

3 

I 

27 

F 

2 

2 

■i 

8 

7 

7 

2 

i 

32 

M 

I 

0 

1 

b 

1 

I 

4 

0 

14 

F 

-i 

0 

3 

3 

2 

3 

3 

0 

17 

Total: 

Male   

1 

7 

14 

16 

8 

16 

11 

1 

74 

8 

7 

16 

18 

17 

15 

9 

1 

91 

Grand  total  male  and  female 

9 

14 

30 

34 

25 

31 

20 

2 

265 

Table  5.-The 


incidence  of  botulism  in 


Spring 


Summer 


Winter 


Area 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Total 

Hokkaido  

2 

0 

3 

2 

3 

1 

3 

7 

b 

5 

2 

1 

35 

Akita  Prefecture  

0 

u 

1 

4 

0 

0 

2 

r> 

1 

0 

0 

13 

Aomori  Prefecture  

0 

0 

0 

0 

0 

0 

2 

.', 

1 

0 

o 

U 

6 

Iwate  Prefecture  

0 

1) 

1 

0 

0 

0 

0 

1 

0 

0 

'» 

0 

2 

Yamagata  Prefecture- 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

Total..--  

2 

0 

5 

6 

3 

2 

7 

16 

8 

5 

2 

1 

57 

Table  6.-The  interval  from 


death  in 


Location  of  outbreaks 

Number  of 
deaths 

Average 
interval  from 

onset  of 
symptoms  to 
death  (hours) 

25 

22.0 

23 

20.5 

Aomori  Prefecture.   

7 

27.9 

Iwate  Prefecture  

3 

8.0 

3 

14.0 

Total  

61 

>2I.0 

was  27.9  hours  (Aomori).  The  overall  average  time 
was  21  hours. 

Clinical  signs  and  symptoms. — While  there  is  al- 
ways some  fear  that  some  symptoms,  of  which  patients 
did  not  complain,  might  have  been  missed,  the  fol- 
lowing are,  in  order  of  their  frequency,  both  the 
symptoms  and  signs  among  129  botulinal  cases: 


Percent 

Eye  disorder--.-.   87.6 

Nausea  and  vomiting   85.3 

Thirst     73.6 

Abdom  inal  mctcorism    61.2 

Numbness  of  extremities   57.3 

Hoarseness    42.6 

Bellyache.   _.  41.9 

Dyspnea    38.0 

Dysarthria    .  -  34.1 

Languor  of  whole  body  ,  .   32.6 

ObstipaUon  -  -----  23.3 

Diarrhea...    19.4 

Headache  and  dull  head    17.8 

Rctcntio  urinae   14.7 

Chill  and  shivering   10.9 

Vertigo   9.3 

Low  blood  pressure   7.8 

Fever   6.2 

Distress  in  thorax     3.1 

Convulsion .   2.3 

Abdominal  distress  -   2.3 

Eruption  .    1.5 

Aches  in  joints.    0.8 

Weak  tendon  reflex  . .   0.8 

Dry  cornea   -   0.8 


Cases 
113 
110 
95 
79 
74 
55 
54 
49 
44 
42 
30 
25 
23 
19 
14 
12 
10 
8 
4 

:? 
* 
2 
1 
1 
1 


Eye  disorder  was  the  principal  sign  or  sympton  of 
botulis,  but  the  simple  expression  "eye  disorder"  or 
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"eye  symptom  and  sign"  is  not  proper  because  such 
an  expression  does  not  distinguish  between  the  signs 
of  the  outer  or  inner  eye.  Fortunately,  the  clinical 
reports  of  97  cases  out  of  the  129  were  written  in 
sufficient  detail,  yielding  the  following  frequencies: 

Percent  Casrs 


Amblyopia   78.4  76 

Midriasia   52.6  51 

Double  vision   44.3  43 

Ptosis  palpebrae   40.2  39 

Pupil  reflex  disturbance   19.6  19 

Nystagmus .     1.0  I 


Gastrointestinal  symptoms  and  signs  were  first  to 
appear,  then  the  neurological  signs  generally  ap- 
peared, but  at  times  gastrointestinal  symptoms  and 
signs  were  missing  or  both  appeared  simultaneously. 

Chill  and  shivering  were  not  frequent  (10.9  per- 
cent) and  fever  did  not  always  occur.  Fever  occurred 
in  only  eight  cases  (6.2  percent),  the  temperature 
ranging  from  37  to  42°  C.  (3),  rarely  passing  38°  C. 

Convulsion  appeared  in  three  cases  in  Akita  (2.3 
percent),  and  in  four  cases  in  Hamamasu  (  44  per- 
cent) (4),  however,  the  clinical  state  was  not  given  in 
sufficient  detail.  The  patients  in  the  Akita  outbreak 
were  adults,  two  were  male,  63  and  26  years  old, 
respectively,  and  the  other  was  a  female,  57  years 
old. 

As  mentioned  above,  most  patients  complained 
initially  of  their  severe  pains  and  the  physicians  also 
observed  the  noteworthy  signs  and  symptoms  at  the 
time  of  emergency.  Therefore,  mild  cases  were  often 
overlooked.  For  instance,  no  patient  complained  of 
dysosmia  or  anosmia  due  to  the  benumbed  N. 
olfactorius.  There  was  no  report  that  X.  olfactorius 
was  affected  by  botulinal  toxin. 

The  affection  of  N.  opticus  led  to  amblyopia  or 
mist  sight  (78.4  percent),  but  there  was  no  amaurotic 
case.  There  was  the  affection  of  N.  abducens,  N. 
trochlcaris,  and  double  vision  occurred  in  44.3  percent 
of  cases.  The  affection  of  M.  sphincter  pupillac  pro- 
voked midriasis  (52.6  percent),  but  there  was  no  case 
which  showed  myopia  nor  stiffness  of  pupils  among 
129  cases.  I  believe  there  can  be  myopia,  be  it  of 
transient  nature.  There  were  seven  cases  of  anisocolia 
(29.2  percent)  among  24  cases  of  the  incident  at 
Toyotomi  (4).  Ptosis  palpebrae  was  seen  in  39  cases 
(40.2  percent)  and  nystagmus  was  seen  in  only  one 
case  (male,  41  years  old),  but  no  detailed  report  (5) 
was  available.  There  was  no  report  on  affection  of 
taste,  chewing,  hearing,  or  of  facial  palsy.  Vertigo 
was  seen,  its  frequency  being  9.3  percent. 

The  affection  of  N.  glossopharyngeus  (VII),  and  of 
N.  hypoglossus  (IX),  caused  difficulty  of  swallowing 
and  motoric  dysarthria.  When  the  numbness  of  N. 
vagus  (VIII)  was  associated,  causing  a  numbness  of 
vocal  cords,  it  led  to  difficulty  of  utterance,  and  at 
the  last  stage  inspiratory  dyspnea  (38  percent). 


The  numbness  of  N.  trigeminus  provoked  the  low- 
lachrymal  secretion  and  finally  a  dry  cornea  (5)  (1 
percent),  and  also  nose  obstruction  (54.2  percent)  in 
the  Toyotomi  outbreak  (4). 

The  numbness  of  the  vagal  nerve,  accompanied  by 
affection  of  spinal  sympathicus,  caused  the  suppression 
of  oesophageal  motion  and  dilatation  of  oesophagus 
and  with  the  numbness  of  N.  glosso-pharyngeus  and 
N.  hypoglossus  caused  the  difficulty  in  swallowing 
(45  percent).  The  oesophageal  dilatation  was  verified 
in  one  case  in  the  Ashizawa  outbreak  (56-year-old 
male),  and  this  case  was  accompanied  by  elevation  of 
the  diaphragm  (fig.  2). 


Figure  2.— The  dilatation  of  oesophagus  and  the  elevation 
of  diaphragm. 


Swelled  abdomen  was  seen  in  79  cases  (61.2  per- 
cent) due  to  the  numbness  of  N.  parasympathicus 
and  the  weakened  peristaltic  motion  provoking  per- 
sistent obstipation  (23.3  percent). 

Unconsciousness  was  not  seen  except  at  the  agonal 
stage. 

Suppuration  of  the  gingiva  and  pharynx,  glottitis, 
and  sometimes  urticaria-like  eruptions  were  recorded 
(Esashi  case)  (6)  as  complications. 

After  the  patients  had  recovered  some  symptoms 
lasted  relatively  long  periods  of  time;  e.g.,  thirst, 
weakness  of  whole  body,  abdominal  swelling  or  mctc- 
orism,  soreness  of  the  pharynx,  midriasis,  and  ambly- 
opia, but  they  faded  away  gradually. 
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Of  course  at  the  onset  of  botulism,  one  must  differ- 
entiate botulism  from  other  diseases,  for  instance,  from 
stroke,  acute  bulbar  paralysis,  appendicitis,  obstruc- 
tion of  intestine,  and  laparatomies  were  actually 
reported. 

The  Distribution  of  Clostridium  botulinum 
in  Soil 

Since  the  first  outbreak  of  botulism  in  1951,  in- 
vestigations of  the  soil  in  Hokkaido  were  made  by  Y. 
Nakamura,  H.  Iida,  K.  Kanzawa  et  al.,  with  the 
purpose  of  isolating  C.  botulinum.  Thereafter,  Ono 
(7),  Kanzawa  (8),  Takeuchi  et  al.  (9),  investigated 
the  distribution  of  botulinal  spores  in  Hokkaido. 
When  the  first  cases  of  botulism  appeared  in  1955,  in 
Aomori  (10,  11),  and  in  1956  in  Yamagata  (12,  13), 
investigations  for  C.  botulinum  in  soil  were  carried  out 
by  each  of  the  authorities. 

In  1953,  the  first  outbreak  of  botulism  occurred  in 
Akita,  in  a  small  village  near  Lake  Hachiro  (14). 
Since  then  we  have  investigated  the  soil  of  the  Oga 
Peninsula  and  of  Lake  Hachiro.  Next  we  enlarged 
the  survey  to  other  areas  in  Akita  Prefecture,  mainly 
along  the  seacoast,  rivers,  and  around  lakes  (15). 

We  isolated  24  strains  (isolation  rate  0.4  percent) 
out  of  6,883  samples.  The  places  or  districts  where 
we  could  isolate  C.  botulinum  are  shown  in  figure  3, 
and  among  the  24  strains  of  C.  botulinum,  20  strains 
were  type  E,  and  four  strains  were  type  A  (16,  17). 
Two  strains  of  type  A  were  isolated  at  Kitaura  district 
of  Oga  Peninsula. 

There  was  some  difference  in  the  distribution 
among  the  areas  in  Akita  Prefecture,  e.g.,  on  the 
outskirts  of  Lake  Hachiro  and  at  the  Oga  Peninsula 
22  strains  (including  four  strains  of  type  A)  were 
isolated  out  of  1,460  samples  (1.5  percent),  but  at  the 
Uri  seacoast  only  two  strains  were  isolated  out  of 
1,600  samples  (0.1  percent).  At  the  inland  or  the 
mountainous  areas  only  one  strain  was  isolated  from 
2,873  samples.  When  an  outbreak  of  botulism  oc- 
curred in  a  village  of  the  mountainous  district 
(Haginari),  four  strains  (isolation  rate  0.5  percent 


of  C.  botulinum  type  E  were  isolated  from  soil. 

In  addition  to  the  above  studies,  soil  investigations 
in  Japan  intending  to  isolate  Clostridia,  made  by  other 
authorities,  were  performed  with  no  relation  to  botu- 
lism. Wakamatsu,  Hiroki,  et  al.  (18)  isolated  one 
strain  of  C.  botulinum  type  A  in  the  southern  parts  of 
Kyushu,  and  Yamagata  (19)  also  isolated  three  strains 
of  C.  botulinum  type  E  from  the  seashore  sand  of  the 
Yamaguchi  Prefecture  (isolation  rate  1.3  percent). 
Uryu,  et  al.  (20)  examined  the  soil  of  Kannagawa 
Prefecture  and  Takagi  et  al.  (21)  have  investigated 
the  Tokai  district,  but  no  isolations  were  made. 

The  Relationship  Between  C.  botulinum  and 
Fish 

K.  F.  Meyer  (22)  and  other  authorities  have  already 
reported  on  the  relationship  between  C.  botulinum  type 
E  and  fish.  The  designation,  "fish-borne  botulism," 


Table  7.-lsolation  of  Clostridium  botulinum  from  fish  of  Lake  Hachiro 


Isolation  rate 

Condition  of  fish  Kinds  of  fish  Number  of  samples     Positive  culture  (percent) 


Dead  fish  floating  on  the  water  surface.  Halfbrcak   3 

Dace    7 

Goby   2 

Live  fish,  freshly  caught.                    Flatfish   200 

Pondsmelt    200 

Nikuhare   100 

Total    512 


2 
7 
.1 
1 
1 


67.0 
100.0 
100.0 
.5 
.5 
.0 


13 
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Table  8.— Tht  toxicity  for  mice  of  feces  and  vomitus  and  their  cultures,  obtained  from  botulinal  patients 


Vomited  article  Feces 


Number 

Age  and  sex 

Date  of 
incidence 

PH 

As  it  is 

Incubated 
35°  C,  3  days 

20 

21 

Date  of  sampling 

October 
22  23  24  26  27  28  29 

1 

61,  F  

..Oct.  17  

n. 

n. 

n. 

+ 

+ 

+    —    —    —    —  n.  n. 

2 

18,  M  

 do  

5.5 

+  + 

+  + 

+    +    +    -    +   +  + 

3 

26,  M  

 do  

5.4 

+  - 

-  + 

+ 

+    ----+  + 

4 

15,  M  

 do  

5.0 

+ 

+    —    —  n.   n.    n.  n. 

5 

58,  M  

..Oct.  18  

n. 

n. 

n. 

+ 

n.   n.   n.   n.   n.  n.  n. 

6 

43,  F  

 do  

n. 

n. 

n. 

+ 

I- 

n.    n.    n.    n.   n.   n.  n. 

7 

15,  M  

 do  

n. 

n. 

n. 

+ 

n. 

n.    n.    n.    n.   n.   n.  n. 

ft 

55,  F  

 do  

n. 

n. 

n. 

+ 

n.   n.   n.   n.   n.   n.  n. 

9 

61,  F  

 do  

n. 

n. 

n. 

+ 

n.   n.   n.   n.   n.  n.  n. 

coined  by  E.  C.  Dolman,  is  a  most  proper  expression, 
in  my  opinion. 

In  1963,  Johanscn  (23)  isolated  type  E  from  fish  in 
55  to  100  percent  of  attempts,  and  in  1966  Bott  et  al. 
(24)  isolated  C.  botulinum  type  E  from  the  fish  of  the 
Great  Lakes  in  about  the  same  frequency. 

The  results  of  our  investigations  of  the  fish  of  Lake 
Hachiro  arc  shown  in  the  table  7.  The  isolation  rate 
from  the  dead  fish,  floating  over  the  lake  water,  was 
very  high  (67  to  100  percent),  but  it  was  quite  low 
(0  to  0.5  percent)  from  freshly  caught  fishes  (flatfish, 
pond  smelt,  nikuhazc)  (25).  In  1962,  we  examined 
fish  at  market.  Two  strains  were  isolated  from  1,205 
samples  (isolation  rate  0.1  percent). 

C.  botulinum  type  E  was  isolated  from  the  incrimi- 
nated izushi  samples  which  were  the  cause  of  botulism 
in  almost  all  cases.  Three  strains  of  C.  botulinum  type 
E  were  isolated  from  14  homemade  izushi  samples 
(at  Futto,  Yashima,  Iwaki,  Tenno),  having  no  relation 
to  food  poisoning  at  that  time.  One  strain  was  isolated 
from  the  19  samples  of  izushi  at  the  markets  (at 
Konoura,  Hirasawa,  Araya,  Kisagata).  Thus,  the  iso- 
lation rate  was  21.3  percent  in  the  former,  and  5.3 
percent  in  the  latter. 

The  Fate  of  C.  botulinum  in  the  Human 
Digestive  Tract 

From  the  literature  we  know  that  C.  botulinum  is 
detectable  in  the  feces  of  animals.  Burke  (1919)  iso- 
lated the  micro-organisms  from  the  feces  of  horse, 
pig,  and  chicken,  and  Kempner  (1897)  isolated  C. 
botulinum  from  healthy  pigs. 

In  October  of  1957,  an  outbreak  of  botulism,  due 
to  izushi  (kanagi),  occurred.  All  nine  patients  were 
admitted  to  the  hospital,  giving  us  the  opportunity  to 
examine  the  feces  daily  with  the  lapse  of  time  (25),  It 
sccraed  that  there  was  a  tendency  for  a  gradual  elimi- 
nation from  the  human  digestive  tract  with  time,  but 


in  two  cases  the  organism  was  present  in  feces  even  as 
late  as  13  days  from  the  onset  of  disease  (table  8).  A 
possibility  of  contaminating  a  virgin  soil  exists  when 
Clostridia  are  excreted  from  the  human  intestine  for  a 
long  period  of  time. 
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Summary 

"Conventional,"  dialysis  membrane,  and  biphasic 
cultural  procedures  were  described  and  illustrated  for 
the  preparation  of  spores  of  Clostridium  botulinum  types 
A  and  B,  including  the  cleaning  of  the  harvested 
spore  crops.  Fortification  of  the  sporogenic  medium 
with  yeast  extract  (0.1  percent)  significantly  enhanced 
the  spore  yield,  whereas  the  addition  of  NaHCOa  (01 
percent)  substantially  increased  spore  germination 
and  outgrowth.  The  first  two  techniques  produced 
108  to  109  spores  per  ml.  in  the  washed  stock  suspen- 
sions, while  the  biphasic  method  yielded  only 
10"  per  ml.  for  strain  62A,  the  only  organism  tested. 
The  addition  of  argininc  or  MnCb  in  the  liquid 
phase  of  the  latter  method  did  not  augment  sporo- 
genesis,  but  the  addition  of  thiamine-IICl  (0.001 
mg./ml.)  increased  spore  production  by  some  25  per- 
cent over  the  aqueous  control.  The  radiation  resist- 
ance of  the  spore  crops  was  affected  by  the  method 
used  for  producing  spores  and  their  heat  resistance 
was  influenced  by  the  sporulation  medium. 

Introduction 

Considerable  literature  has  accumulated  on  the 
physiology  of  spore  production  of  the  genus  Bacillus. 
In  contrast,  comparatively  little  has  been  reported  on 
this  subject  concerning  Clostridium.  Apparently,  many 
investigators  have  been  reluctant  to  work  with  orga- 
nisms which  require  more  complex  conditions  for 
growth  and  sporulation. 

Perkins  (45)  has  recently  provided  an  excellent 
review  of  the  requirements  and  techniques  used  for 
producing  clostridial  spores,  including  C.  botulinum. 
Usually,  microbiologists  have  utilized  cooked  or  un- 
cooked infusions  or  enzymic  digests  of  fresh  animal  or 
plant  tissues,  with  or  without  the  addition  of  tissue 
particles,  and  usually  fortified  with  dehydrated  animal 
or  plant  protein  hydrolysates.  Examples  of  such  tissue 
media  include  beef  infusion  (7),  pea  infusion  digest, 
veal  infusion  digest,  brain  medium  (77),  nutrient 
broth-liver  tissue  (42),  pork  infusion  (49),  beef-heart 
infusion  (67),  liver  infusion  (62),  or  digest  (63). 

Such  complex  media  arc  difficult  and  time  con- 
suming to  prepare;  when  used  with  tissue  particles, 


harvesting  the  resulting  spore  crop  becomes  ineffi- 
cient, and  cleaning  the  spores  is  an  even  more  trouble- 
some chore.  Furthermore,  it  is  not  certain  that  these 
homemade  brews  are  superior  to  simpler,  readily 
available  media. 

Sporogencsis  of  anaerobes  has  been  obtained  with 
commercially  available  peptones,  usually  supple- 
mented witli  other  constituents.  For  example,  C.  botu- 
linum spores  were  successfully  produced  in  beef 
extract-peptone  (38),  blood  agar,  and  tryptone-meat 
extract-yeast  extract  (51),  trypticasc-peptone-yeast 
extract  (52),  trypticasc- peptone  (56'),  casitone-peptone 
(60),  basamin,  phytone,  polypeptone,  thiotone,  yeast 
extract,  and  beef-heart  casein  (64),  trypticasc  (68), 
and  brain-heart  infusion  (72).  The  value  of  these 
relatively  simple  solutions  of  the  dehydrated  products 
were  discussed  by  Perkins  (45).  The  latter  also 
reviewed  the  role  of  pH,  temperature,  minerals, 
growth  factors,  and  glucose  on  clostridial  sporulation. 

A  number  of  investigators  have  attempted  to  eluci- 
date the  growth  requirements  of  C.  botulinum  in 
chemically  defined  media  (7,  8,  9,  12,  13,  16,  18,  34, 
35,  36,  40,  46,  53,  71).  Only  Williams  and  Blair  (71) 
reported  sporulation  in  their  medium.  Perkins  and 
Tsuji  (46),  however,  could  not  duplicate  their  findings 
with  strain  62A.  They  succeeded  in  making  the 
medium  sporogenic  by  modifying  its  composition.  A 
solution  of  17  amino  acids,  three  vitamins,  glucose, 
and  seven  salts  gave  excellent  growth  but  negligible 
spore  yields.  But  when  the  argininc  content  of  die 
medium  was  increased  sevenfold,  70  percent  sporula- 
tion occurred  after  7  days  of  incubation  at  30°  C. 

Our  involvement  in  the  radiation  food  program 
necessitates  our  utilization  of  C.  botulinum  spores  as  an 
index  of  radiation  efficiency.  Hence,  diis  communica- 
tion reviews  some  of  our  experiences  in  the  production 
of  types  A  and  B  spores. 

Materials  and  Methods 

Test  organisms.— Five  type  A  and  five  type  B  strains 
of  C.  botulinum  were  selected  from  a  total  of  102  strains 
screened  for  radioresistance  (2).  These  strains  repre- 
sented groups  of  the  most  tolerant  (33A,  36A,  40B, 
41B,  53B),  least  tolerant  (51B),  and  of  intermediate 
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(62A,  77A,  12885A,  9B)  tolerance  to  gamma  radiation 
in  a  model  system. 

Spore  preparation:   Conventional  methods. — 

Prior  to  the  preparation  of  spore  crops  for  use  in  our 
irradiated  inoculated  packs,  four  liquid  media  were 
tested  for  their  capability  of  producing  large  numbers 
of  spores  from  strains  33A,  62A,  12885A,  9B,  40B, 
and  4 IB.  The  media  were  those  of  Schmidt  and  i\ank 
(56),  5  percent  BBL  trypticasc,  0.5  percent  Difco 
peptone,  0.05  percent  sodium  thioglycolatc,  pH  7.2; 
Brown  et  al.  (5),  10  percent  trypticase,  0. 1  percent 
sodium  thioglycolate,  pH  7.2;  Kempe  et  al.  (33),  10 
percent  Difco  easitonc,  0.5  percent  Difco  beef  extract, 
0.5  percent  Na2HP04;  Gibbs  and  Hirsrh  (26),  0.3 
percent  BBL  yeast  extract,  1.0  percent  peptone,  1.0 
percent  beef  extract,  1  percent  ascorbic  acid,  0.5  per- 
cent sodium  acetate,  0.05  percent  cysteine,  0. 1  percent 
soluble  starch. 

Each  broth  was  tested  in  40  ml.  volume,  contained 
in  25  x  200  mm.  tubes,  inoculated  with  2  ml.  of  a 
heat  shocked  (80°  C.  for  10  min.),  cooled  (to  about 
30°  C.)  stock  spore  suspension.  The  cultures  were 
incubated  at  30°  C.  in  a  desiccator  made  anaerobic 
with  pyrogallol  and  Na2CC>3  (I  g.  of  each  com- 
pound per  100  ml.  of  air  space  dissolved  in  warm  tap- 
water).  A  culture  of  each  strain  was  harvested  by 
centrifugation  after  3,  10,  and  17  days  of  incubation; 
the  pellets  were  suspended  in  5  ml.  of  distilled  water, 
smears  were  prepared  over  an  area  of  1  cm2,  and 
stained  with  Snyder's  technique  (58).  On  the  basis 
of  qualitative  microscopic  examination  of  20  random 
fields  per  smear,  the  tryptieasc-peptone  (TP)  broth  of 
Schmidt  and  Nank  (56)  yielded  the  highest  number 
of  spores  with  four  of  the  six  strains  (33A,  62A, 
12885A,  40B).  Tlirce  days  of  incubation  gave  the 
least  satisfactory  results,  whereas  incubation  for  10  or 
17  days  yielded  equivalent,  maximum  spore  popula- 
tions. 

Based  upon  the  above  observations,  the  following 
method  was  used  for  producing  large  spore  crops  of 
each  of  the  10  strains.  The  TP  broth  was  distributed 
in  quantities  of  20  ml.  in  20  x  150  mm.  tubes,  130 
ml.  in  150-ml.  bottles,  450  ml.  in  500-ml.  flasks  and 
190  ml.  in  250-ml.  polypropylene  centrifuge  bottles 
containing  a  teaspoonful  of  glass  beads.  Only  screwcap 
containers  were  used.  They  were  steamed  and  quickly 
cooled  to  about  30°  C.  immediately  before  inoculation 
in  order  to  drive  off  dissolved  oxygen. 

A  2-ml.  heat-shocked  and  cooled  stock  spore  sus- 
pension was  inoculated  into  a  tube  of  broth  and  was 
incubated  for  24  hours.  Daily  transfers  (2  ml.)  for  2 
additional  days  produced  vigorous  growth  of  all 
strains.  On  the  next  transfer,  12  ml.  were  added  to 
the  bottle  and  incubated  for  24  hours.  Successive 
u-ansfcrs  were  continued  at  the  10  percent  (v/v)  level 
at  24-hour  intervals,  thus  ensuring  rapid  and  heavy 


growth  with  a  minimum  of  headspace  for  the  main- 
tenance of  anaerobiosis.  No  additional  anaerobic  pre- 
cautions were  necessary.  The  centrifuge  botdes  were 
incubated  for  7  to  12  days,  depending  on  the  experi- 
ence accumulated  over  the  years  with  each  of  the  10 
strains  (table  1).  The  number  of  centrifuge  botdes 
required  per  strain  also  varied,  as  indicated  in  table 
1,  by  the  total  quantities  of  TP  broth  used.  It  was 
easier,  more  productive,  and  less  hazardous  to  distrib- 
ute the  sporulation  medium  in  a  large  number  of 
centrifuge  bottles  rather  than  handle  a  large  volume 
of  broth  in  a  single  container.  The  use  of  sporogenic 
media  in  carboy-size  quantities  has  been  anomalous; 
spore  yields  were  usually  lower.  Apparendy,  it  is  more 
difficult  to  maintain  anaerobic  conditions  throughout 
the  large  quantity  of  medium,  even  when  a  mixture 
of  95  percent  Na  and  5  percent  CO2  is  bubbled  into 
the  broth.  More  frequent  contamination  problems 
were  also  encountered  in  carboy  cultures. 

In  addition  to  our  studies  on  the  use  of  botulinal 
spores  as  an  indicator  of  radiation  effectiveness  in  inoc- 
ulated packs,  we  also  conducted  fundamental  investi- 
gations on  the  organism.  For  this  purpose,  the  above 
procedure  was  recendy  modified  to  utilize,  as  nearly 
as  possible,  a  "synchronous"  vegetative  cell  inoculum 
for  sporulation. 

The  modified  method  followed  the  suggestion  of 
Halvorson  (30)  that  the  vegetative  cells  of  the  final 
inoculum  should  be  of  the  same  physiological  age  to 
ensure  nearly  complete  sporulation.  Three  media  were 
used:  (a)  3.0  percent  BBL  thiotone,  0.05  percent 
sodium  thioglycolatc,  0.1  percent  NaHC03,  pH  7.0 
(buffered  with  0.1  M  N-tris  (hydroxymcthyl))  mcthyl- 
2-amino  enthanesulfonic  acid),  and  contained  in 
20-ml.  amounts  of  20  x  150  mm.  screwcap  tubes;  (b) 
5.0  percent  trypticase,  0.5  percent  peptone,  0.125 
percent  K2HPO4,  pH  7.5  (adjusted  with  5.5  N-KOH) 
and  distributed  in  130-ml.  lots  in  screwcap  milk 
dilution  bottles;  and  (c)  the  latter  medium  supple- 
mented with  0.5  percent  BBL  yeast  extract  and 
contained  in  170-tnl.  volumes  in  250-ml.  screwcap 
centrifuge  botdes.  All  the  media  were  steamed  to 
drive  off  dissolved  oxygen,  cooled  rapidly  to  about 
37°  C,  inoculated  in  10  percent  (v/v)  amounts,  and 
incubated  at  37°  C.  This  temperature  was  chosen 
because  the  rate  of  spore  germination  of  strain  62A 
was  more  rapid  at  37°  C.  than  at  30°  C;  80  percent 
of  the  spores  germinated  (stained  with  0.5  percent 
methylene  blue)  within  2  hours  at  37°  C,  whereas 
only  50  percent  of  the  spores  germinated  at  30°  C. 

The  initial  inoculum  consisted  of  a  heat-shocked 
and  cooled  spore  suspension  of  strain  62A,  inoculated 
into  medium  (a)  and  incubated  for  8  hours.  This 
young  culture  is  transferred  to  the  same  medium, 
incubated  for  4  hours,  then  transferred  to  medium 
(b).  After  4  hours  of  incubation,  it  was  finally  inocu- 
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latcd  into  centrifuge  bottles  of  sporulating  medium 
(r),  and  incubated  for  6  days. 

Dialysis  membrane  technique.— Dialysis  sacs  im- 
mersed in  nutrient  media  have  been  used  success- 
fully for  the  production  of  bacterial  vegetative  cells 
(21,  22,  23,  24,  28,  31,  39,  42,  50),  toxins  (3,  10,  19,  25, 
27,  37,  41,  47,  55,  59,  67,  69,  70)  and  enzymes  (32,  54), 
mammalian  cells  (15),  and  for  studies  on  microbial 
antibiosis  (20,  55)  and  symbiosis  (43,  44).  A  chance 
observation  on  the  propagation  pattern  of  a  botulinal 
vegetative-cell  inoculum  in  a  cellophane  tube,  dis- 
closed the  presence  of  spores  in  smears  made  from  the 
confined  contents.  A  closer  investigation  of  this  phe- 
nomenon led  to  the  following  procedure  for  the  prep- 
aration of  large  populations  of  C.  botulinum  spores. 

The  culture  apparatus  and  the  technique  were 
described  and  illustrated  in  detail  elsewhere  (57).  It 
consisted,  essentially,  of  an  intussusceptcd  cellophane 
tube  (of  pore  size  0.0024  to  0.003m)  containing  a 
vegetative-cell  inoculum  suspended  in  saline,  and 
immersed  in  a  large  glass  container  of  the  sporogenic 
broth.  The  test  organisms  used  were  strains  33A,  41 B 
and  5 IB,  and  the  five  media  studied  included  TP 
broth.  Incubations  were  carried  out  at  30°  C. 

A  30-ml.  dense  culture  of  the  organism,  obtained 
from  a  heat-shocked  and  cooled  spore  suspension,  was 
transferred  at  2-hour  intervals  for  three  consecutive 
periods  into  300  ml.  of  sporogenic  broth.  The  final 
inoculum  was  incubated  for  5  to  6  hours,  centrifuged, 
resuspended  in  50  ml.  of  saline,  and  the  entire  con- 
tents transferred  into  the  dialysis  sac.  The  sac  was 
placed  in  350  ml.  of  appropriate  sporulation  medium. 
Just  before  inoculation  the  apparatus  and  its  contents 
were  steamed  for  20  minutes  and  cooled;  immediately- 
after  seeding,  sterile  95  percent  N2-5  percent  CO> 
was  bubbled  through  the  broth  for  10  minutes. 
Sporulation  was  checked  periodically  by  the  most 
probable  number  technique. 

Biphasic  culture  technique. — Currently,  we  are 
investigating  the  effectiveness  of  producing  botulinal 
spores  by  the  biphasic  culture  method.  This  is  a  special 
case  of  the  above  dialysis  system  whereby  nutrients 
migrate  across  a  solid-liquid  interface.  The  procedure 
consists  of  a  layer  of  nutrient  agar  completely  covered 
with  a  smaller  volume  of  liquid  containing  the  inocu- 
lum. This  technic  was  first  reported  by  Hcstrin  ct  al. 
(32),  for  the  production  of  leva n  by  Aerobacter  levanicum. 
It  was  then  used  for  growing  large  numbers  of  bac- 
terial vegetative  cells  (4,  24,  65)  and  spores  of  C.  botu- 
linum type  E  (6"). 

Our  method  was  as  follows.  A  2500-ml.  Fernbach 
flask  containing  1,000  ml.  of  sporogenic  agar  (5  per- 
cent BBL  trypticase,  0.5  percent  Difco  peptone,  0.1 
percent  BBL  yeast  extract,  0.125  percent  K.2HPO4,  3 
percent  agar,  pH  7.5)  was  overlaid  with  500  ml.  of 
distilled  water  containing  0.1   percent  of  sodium 


thioglycolate  and  seeded  with  50  ml.  of  a  vigorously- 
growing  culture  of  strain  62A.  No  additional 
anaerobic  precautions  were  taken.  The  inoculum  was 
prepared  from  a  heat-shocked  spore  suspension,  grown 
8  hours  and  subsequently  subcultured  twice  at  4-hour 
intervals.  Incubation  was  at  37°  C.  up  to  5  days.  For 
comparison,  the  water  phase  was  supplemented  with 
thiaminc-IICl  (14),  MnCl2  (11),  K2IIP04  (38),  or  ar- 
gininc  (46),  and  spore  development  was  followed 
periodically. 

Cleaning  of  spore  crops.— The  most  efficient 
sporogenic  procedures  still  produce  mixtures  of  spores 
in  various  stages  of  development,  vegetative  cells,  and 
debris.  Depending  on  the  need,  a  number  of  cleaning 
technics  of  varying  degrees  of  complexity  have  been 
developed.  In  addition  to  the  methods  reviewed  by 
Grecz  et  al.  (29)  other  methods  have  been  described. 
Uchara  ct  al.  (66)  used  preliminary  filtration  through 
paper  and  milliporc  membranes  followed  by  repeated 
prolonged  cold  storage  and  pipette  separation  of 
layers  of  centrifuged  pellets.  Powers  (48)  successfully 
used  lysozymc  with  shaking  (only  60  min.  at  3°  C.) 
which  caused  vegetative  cells  to  clump,  followed  by 
filtration  through  a  millipore  membrane  and  centrif- 
ugaiion;  no  further  washing  was  required  to  obtain 
practically  100  percent  free  rcfractile  spores. 

Our  inoculated  pack  studies  do  not  require  spore 
inocula  of  a  high  degree  of  purity,  since  they  are 
contained  in  a  "dirty"  (food)  environment.  Hence, 
the  spore  crop  was  harvested  by  ccntrifugation  at 
3,000  r.p.m.  for  20  minutes  at  2°  to  5°  C,  the  pellets 
pooled  into  two  to  three  centrifuge  bottles,  washed 
twice  by  alternate  ccntrifugation  and  resuspension  in 
sterile  distilled  water,  and  finally  deposited  in  a 
screwcap  milk  dilution  bottle  containing  a  teaspoonful 
of  glass  beads.  The  slock  spore  suspension  was  con- 
centrated in  a  volume  of  100  to  1 10  ml.  of  water  and 
stored  at  2°  to  5°  C. 

For  physiological  studies,  the  spore  culture  was 
centrifuged  at  2°  to  5°  C,  and  then  washed  by  four 
to  five  repeated  cycles  of  resuspension  and  ccntrifuga- 
tion in  glass-distilled  water.  To  eliminate  vegetative 
cells  and  debris,  the  washed  pellet  was  mixed  with  an 
enzyme  mixture  consisting  of  trypsin  (50  ^g./ml.) 
and  lysozymc  (100  Mg  /ml.)  in  0.05  M  K2HPO.l(  pH 
8.1.  The  mixture  was  incubated  at  45°  C.  for  60 
minutes  and  washed  again  as  above  for  10  to  12 
more  cyc  les.  Clean  spores  were  suspended  in  distilled 
water  to  approximately  10°/ml.  and  stored  at  2°  to 
5°C. 

Results  and  Discussions 

"Conventional"  sporulation  methods.— The  con- 
ventional method  for  producing  spores  yields,  in 
a  typical  preparation,  approximately  10'*  spores/ml. 
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Table  1.— Spore  populations  of  Clostridium  boru/lnum  types  A  and  B  produced  by  conventional  culture 


Volume  Final  volume  Harvested  spore  population 

(milliliter)  Days  of  (milliliter)  of  per  milliliter1 

of  sporoffenic  incubation  at  harvested  Percent  viable 

Strain  number         medium'  30°  to  32°  C.  suspension3  Unhcatcd              Heated4  spore* 


109 

7.6  x  10* 

1.2  x  10» 

158.0 

104 

5.0  x  10° 

2.0  x  10" 

40.0 

105 

1.7  x  I0» 

1.0  x  10» 

58.8 

105 

5.6  x  I0» 

2.9  x  10» 

51.8 

105 

1.6  x  10' 

1.7  x  10» 

106.3 

106 

2.4  x  10° 

1.3  x  10» 

54.2 

105 

2.0  x  10» 

2.0  x  10» 

100.0 

105 

2.2  x  10" 

9.0  x  10s 

409.0 

105 

2.3  x  10* 

1.2  x  10" 

52.2 

105 

2.0  x  10» 

2.9  x  10« 

145.0 

33  A.  5,600  7 

36A    9,000  12 

62A  4,600  7 

77A  3,400  7 

12885A   ...4,800  7 

9B  7,600  II 

40B    5,600  7 

4IB._   8,400  11 

51B  5,400  7 

53B  5,400  10 


'TP  broth:  BBL  tryptlcase  5.0  percent,  Difco  peptone  0.5  percent, 
■odium   thioglycolate   0.05   poramt,   pH  7.2. 
"Spores  ((upended  in  distilled  water. 

'Colony  counts  were  made  in  12  x  200  mm.  tubes  with  TPY  agar:  BBL 
tryptioue  5.0  percent,  Difco  peptone  0.5  percent,  yeast  extract  0.5  percent, 
soluble  starch  0.1  percent,  glucose  0.01  percent,  KtHPOi  0.125  percent. 


sodium  thioglycolate  0.05  percent,  agar  1.5  percent,  pH  7.2;  0.3  ml.  of  6 
percent  mlllipo  re-filtered  NaHCOi  was  added  to  each  culture  tube  before 
inoculation.  Quintuplicate  tubes  of  the  proper  dilutions  were  incubated  at 
30'  to  32°  C.  for  48  hours,  and  the  colonies  averaged. 

•An  aliquot  of  the  crop  was  heated  at  80°  C.  for  10  minutes  and  cooled. 


of  stock  suspension  for  eight  of  the  10  strains  tested, 
or  10'1  total  spores  per  culture  (table  1).  Strains  51 B 
and  53B  yielded  approximately  108  spores/ml.,  or  a 
total  of  I010  spores  per  culture.  Six  of  the  strains  re- 
quired 7  days  of  incubation  and  the  remainder  of  the 
organisms  required  10  to  12  days  to  attain  equivalent 
spore  densities.  Using  volume  of  sporogenic  medium 
as  a  criterion,  it  appears  that  strains  62A,  77A,  and 
1 2885A  formed  spores  most  readily,  followed  by  strains 
33A  and  40B;  the  rest  of  the  strains  sporulated  with 
more  difficulty. 

Five  of  the  strains  formed  about  50  percent  viable 
spores,  while  the  remainder  of  the  cultures  (33A, 
12885A,  40B,  41 B,  53B)  consisted  primarily  of  100- 
percent  heat-resistant  spores.  Presumably,  nonsporu- 
lating  vegetative  cells  of  the  latter  five  crops  were 
nonviable  or  had  lysed  in  the  process  of  handling. 
Spores  of  strain  4 IB,  which  increased  by  409  percent 
after  heat  shock,  may  have  required,  in  this  instance, 
a  heat-activation  treatment  for  germination  and  out- 
growth, or  the  finding  may  merely  reflect  an  unforseen 
counting  error.  Examination  of  other  harvested  spore 
crops  of  strain  41 B  did  not  duplicate  the  exceptionally 
high  percentage  yield  of  viable  spores  (table  2).  But 
eight  of  the  nine  additional  harvests  did  produce  100 
percent  heat-resistant  spores. 

The  "synchronous"  vegetative-cell  inoculum  method 
for  producing  spores  of  strain  62A  was  followed 
by  microscopic  examination  of  the  cultures  and  total 
viable  and  heat-resistant  (survival  at  80°  C.  for  10 
min.)  colony  counts.  After  2  hours  of  incubation,  99 
percent  of  the  initial  spore  inoculum  became  heat 
sensitive,  83  percent  became  stainable,  and  the  cul- 
ture lost  57  percent  of  its  original  optical  density. 
Elongated  cells  first  appeared  at  2  hours,  and  pro- 
gressed into  dividing  vegetative  cells  by  6  hours.  In 
8  hours  the  culture  contained  0.116  percent  spores 


(table  3).  At  the  second  transfer  the  spore  population 
was  0.003  percent  within  4  hours  of  incubation  and 
at  the  third  transfer  the  trypticasc-pcptonc  culture 
consisted  mainly  of  actively  dividing  vegetative  cells 
(0.00009  percent  spores).  Yeast  extract  was  omitted 
from  the  latter  medium,  since  we  have  demonstrated 
that  it  enhances  sporulation  (table  6).  At  this  stage 
we  desired  a  minimum  of  spores.  The  vigorously 
growing  culture  was  inoculated  into  the  sporogenic 
medium.  After  6  days  of  incubation  86  percent  heat- 
resistant  spores  were  obtained.  Daily  microscopic  ex- 
aminations and  pH  determinations  were  used  to  follow 
changes  in  the  speculating  culture  (table  4).  The 
number  of  refractile  spores  continued  to  increase  up 
to  6  days  of  incubation,  while  the  pH  of  the  medium 
decreased  slightly  in  24  hours,  remained  constant  for 
4  days,  and  slowly  began  to  rise. 

That  NaHCO.-j  enhanced  the  germination  rate  of 
strain  62A  is  indicated  in  table  5.  Thus,  the  incorpo- 
ration of  NaHCOa  enabled  more  of  the  population  to 

Table  2.— Spore  populations  of  Clostridium  botulinum 
strain  41 B  produced  by  conventional  culture 


Harvested  spore  population 
per  milliliter  (x  10"«)' 


Spore  crop 

Unhcatcd 

Heated-' 

Percent  viable 
spores 

1 

3.8 

3.3 

87.6 

J. 

3.0 

4.3 

143.3 

( 

6.0 

7.6 

126.7 

4 

4.4 

5.0 

113.6 

5 

4.5 

4.9 

108.9 

6 

3.7 

4.1 

110.8 

7 

7.2 

8.0 

111.1 

8 

6.1 

6.9 

113.1 

9 

1.9 

2.0 

105.3 

'See  table  1.  footnote  3. 
•80' dor  10  minute. 
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Table  3.— Spore  population  of 
strain  62A  produced  from 
vegetative 


Hours  of 
incuba- 


at  37°  C. 


Tocal  viable  count1  (x  10?)  at  transfer  Number 
,j  2a  p  4« 


o 

4 

IS 

144 


1,1 


11.0 
»(0.116) 


1.0  0.57 
5.7  7.(1 
'(0.003)  "(0.00009) 


0.64 


14.2 


'Colony  counts  were  made  in  13  x  200  mm.  tub™  with  thiotonp  agar:  3- 
percent  BBL  thiotone,  0.05  percent  sodium  thioglycolate,  0.85  percent 
ionaeer,  0.3  ml.  tube  of  millipore-riltrred  5  percent  Nu.HCOs,  pH  7.0. 

«3.0  pvrcvnt  thiolone,  0.05  percent  sodium  thioglycolate,  0.1  percent 
NallCOi,  pH  7.0  buffered  with  0.1  M  "tris". 

'5.0  percent  tryplleaae.  0.5  percent  peptone.  0.125  percent  K:HPO«,  pH 
7.5  adjusted  with  5.5  N  KOH. 

•Identical  to  "footnote  3"  and  supplemented  with  0.5  percent  yeast 
extract. 

'Percent  spores;  sample*  were  heat-shocked  at  R0'  C.  for  10  min.  prior 
to  making  colony  counts  in  thlotone  near. 


Table  4.— Rate  of  sporulation  of  Clostridium  botulinum 
strain  62A  grown  from  a  synchronous  vegetative  inoculum 


Days  of  incubation 
at  37°  C. 


Rcfractile 
percent 


pH  of  snorulating 
culture 


0  0 

7.4 

1  18 

7.1 

2  42 

7.1 

3  05 

7.1 

4  70 

7.1 

5  75 

7.2 

6  84 

7.3 

Table  5.-Effect  of  NaHCOi  in 

growth  medium  on 

germination  of  spores  of  Clostridium  botulinum  strain  62A 

Percent 

Germina- 

Medium' Constituents 

(W/VJ 

tion* 

A  Trypticase  

-5.0  

9 

Yeast  extract.  -  

 do... 

IvtHPO,  

-0.125  

B  A   

-.As  above- - 

73 

NaHCO, 

0.1  

3.0.  _  

6 

Sodium  tliioBlycolate 

.0.05  

n  c  

_As  above. . 

86 

NaHCO,  0.1. 


'Initial  pH  7.0. 

■Percent  cells  stainable  with  0.5  percent  methylene  blue  in  2  hours  at 
37*  C. 


start  growing  at  the  same  lime.  The  trypticase 
medium  A,  without  NaHCOa,  had  only  9  percent 
spore  germination  in  2  hours  of  incubation  whereas 
the  addition  of  0.1  percent  XaHCOa  (medium  B) 
produced  73  percent  germination  in  the  same  time 
period.  In  medium  C,  the  germination  increased  from 


a  low  of  6  to  86  percent  merely  by  supplementation 
with  0.1  percent  of  NaHCOs  (medium  D).  This  ob- 
servation is  in  agreement  with  the  findings  of  Andersen 
(1)  and  Wynne  ct  al.  (73)  that  supplementation  of  a 
medium  with  NaHCOa  produced  more  rapid  out- 
growth of  bolulinal  spores. 

The  fortification  of  medium  A  with  yeast  extract 
significantly  increased  the  sporogenic  capability  of 
this  medium  (table  6).  The  addition  of  0.1  percent  of 
yeast  extract  increased  the  spore  yield  from  4  to  56 
percent  in  3  days  and  from  23  to  86  percent  in  6 
days.  Increasing  the  yeast  extract  concentration  to 
0.5  percent  did  not  improve  the  sporulation  potential 
of  the  broth. 

Dialysis  membrane  sporulation  method. — Unlike 
other  sporogencsis  methods,  harvesting  die  dense 
growth  from  the  dialysis  sac  was  very  easy;  only  one 
centrifuge  bottle  was  required.  The  resulting  har- 
vested and  washed  crop  contained  about  108 
spores/ml.,  or  a  total  of  1010  spores,  after  10  days  of 
incubation  (table  7).  Repeated  studies  indicated  that 

Table  6.-Effect  of  yeast  extract  on  sporogenesis 
of  Clostridium  botulinum  strain  62A 


Percent  rcfractile 
spores  in 

IV:  i  cm 

(VV/  V  )       3  days     G  days 


Medium  Constituents 


B. 


.Trypticase  

Peptone  

K2HPO,  

pii  7.0  

A  

Yeast  extract . 

A  

Yeast  extract - 


.5.0... 
.0.5... 
.0.125. 


23 


.As  above. 

.0.1  

.As  above. 

.0.5  


56  86 
~60~  "02' 


Table  7.— Spore  populations  of  Clostridium  botulinum 
types  A  and  B  produced  in  an  intussuscepted 
dialysis  sac'* 


Strain  Number 


Days  of  incubation 

at  30°  to  32  *  C. 


Harvested  spore 
population  per 
milliliter3 


33  A  - 
41B. 


51B. 


10 
10 
3 
4 

10 

19 

.5 
7 

10 


7.4  x  10" 

4.5  x  10" 


2.7 
2.7 
1.7 
7.4 
7.4 
7.4 


10T 
Hi« 
10s 
10? 
10* 
10J 


2.8  x  10» 


'Data  obtained  from  Schneider  et  al.  (57). 

'The  sac  was  Immersed  in  TP  broth  [see  table  1,  footnote  1.  for  com- 
position). 

•Spore  volume  was  100  ml.  Counts  were  made  by  the  most  probable 
number  technique  on  heat-shocked  (80=  C.  for  10  min. I  aliquots.  QuintupU- 
catc  tubes  of  Wynne's  broth  [7JI  were  inoculated  with  1.0  ml.  of  ten-fold 
dilutions  and  Incubated  at  30"  to  32'  C.  for  6  ' 
usually  occurred  within  2  weeks. 
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incubation  for  longer  or  shorter  periods  in  TP  broth 
produced  fewer  spores. 

The  morphology  of  these  spores  appeared  unusual, 
including  such  characteristics  as  enlarged  size,  dumb- 
bell-shaped sporangia,  and  semistainablc  zones  at 
their  surfaces  (57).  Radiation  resistance  studies  were 
conducted  on  these  spore  crops  by  the  method  of 
Ancllis  and  Koch  (2)  and  compared  with  the  resist- 
ance of  conventionally  produced  spores.  Using  strain 
33A  as  a  representative  of  type  A,  the  radiation  D 
value  of  the  "  dialysis"  spores  was  84  percent  of  the 
resistance  of  the  "conventional"  spores  for  the  first 
crop  produced,  and  64  percent  of  the  resistance  for 
the  second  crop  (table  8).  Strain  41 B  provided  a 


Table  8. — Comparative  radiation  resistance  of 
Clostridium  botulinum  spores  produced 
conventionally  and  In  dialysis  sacs' 


Radiatioi 

i  D  values 

(Mrad)* 

Ratio 

Strain 

Spore 

Conven- 

Dialvsis 

(percent) 

Number 

crop 

tional  (A) 

sac  (B) 

B/A 

33A 

1 

0.338 

0.283 

83.7 

2 

.330 

.212 

64.2 

41B 

1 

.301 

.266 

88.4 

2 

.334 

.256 

76.6 

"Data  obtained  from  Schneider  «t  si.  (47). 
'Procedure  followed  was  that  of  AnelUs  and  Koch  (f). 


liquid  phases  were  compared  for  their  sporogenic 
properties  when  used  with  the  trypticase-peptone- 
ycast  extract  agar  solid  phase  (table  9).  Arginine 
yielded  the  smallest  quantity  (34.2  percent)  of  strain 
62A  spores;  MnCb  gave  higher  numbers  of  spores 
(56  percent),  and  was  identical  with  the  concentra- 
tion provided  by  water  alone;  and  thiamine-HCl 
produced  76  percent  spores  after  5  days  at  37°  C. 
The  use  of  K2HPO4  (8.71  mg./ml.)  as  the  liquid 
overlay  resulted  in  so  many  clumps  of  spores  and 
vegetative  cells  that  counts  were  not  attempted. 

A  closer  examination  of  the  sporulation  process  was 
conducted  with  the  aqueous  thiamine-HCl  liquid 
phase.  Maximum  sporogenesis  developed  within  3 
day's  (table  10).  On  the  third  day  refractile  spores 
numbered  78  percent,  and  on  the  fifth  day,  80  per- 
cent. The  heat-resistant  (80°  C.  for  10  min.)  spore 
population  was  76  percent  of  the  total  (unheated) 
count.  Bruch  et  al.  (6),  using  C.  botulinum  type  E 
strains,  reported  95  percent  sporulation  in  their 
biphasic  culture  system,  with  spore  crops  from  107  to 
5  x  107ml. 

The  biphasic  system  is  attractive  in  its  simplicity, 
hence,  it  is  being  actively  investigated  in  our  labora- 
tory. If  the  radiation  resistance  of  the  spores  produced 
by  this  method  is  equivalent  to  those  obtained  by  the 

Table  10.— Rate  of  sporulation  of  Clostridium  botulinum 
strain  62A  in  biphasic  culture 


similar  situation;  the  "first  dialysis"  crop  was  88  per- 
cent as  resistant  and  the  second  crop  was  77  percent 
as  resistant  as  the  "conventional"  spores. 

Due  to  the  apparent  lower  radioresistance  of 
"dialysis"  spores,  the  method  has  been  abandoned 
for  the  production  of  such  spores  for  inoculated  pack 
studies.  However,  it  promises  to  be  a  fruitful  technic 
for  nutritional,  morphological,  physiological,  and 
toxicological  investigations  of  C.  botulinum  and  other 
micro-organisms. 

Biphasic  culture  sporulation  method.— Various 


Harvested  spore  population 
per  milliliter  (x  107)' 


Days  of 
incubatioi 
at  37°  C. 


spores 

percent  Unheated 


Percent 
viable 


0     

57   

78     

80  8.7              6.6  76 


■See  table  3,  footnote  1. 
«80'  C.  for  10  minutes. 


of  Clostridium  botulinum  strain  62A  produced  in  biphasic  culture' 


Liquid  phase3 


Aqueous  concentration 
milligram  per  milliliter 


Harvested  spore  population  per  milliliter  (x  107)3 


Unheated 


Heated* 


Percent  viable  spores 


Water     

Thiamine-HCL. .  _  0.001 

MnCl,   002 

 11.67 

  8.71 

e:  5  percent  BBL  trypticase.  0.5  percent  EMtco  peptone.  0.1 
extract,  0.12S  percent  K.HPOi,  3.0  percent  a«ar.  pH 

7.6. 

.  is  600  mL  +50  ml. 


7.25 
8.75 
9.25 
2.85 
(') 


3.9 
6.63 
5.18 
.98 


53.7 
75.8 
56.0 
34.2 


-  table  3, 

'  C.  for  10 


1. 
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conventional  technic,  wc  shall  attempt  to  improve 
the  spore  yields  with  this  newer  process. 

Resistance  of  spores  to  the  environment  can  be 
affected  both  by  the  sporogenic  procedure  used  and 
by  the  sporulation  medium.  Table  8  indicates  a 
change  in  radioresistance  due  to  a  change  in  the 
method  for  producing  spores  in  the  same  medium; 
we  did  not  determine  the  heat  resistance  of  the  two 
types  of  spores.  However,  Tsuji  and  Perkins  (64), 
among  others,  showed  a  dramatic  effect  on  thermal 
sensitivity  merely  by  producing  spores  in  different 
media  with  the  same  "conventional"  method  (table 
11).  Hence,  one  must  bear  in  mind  the  purpose  for 
which  the  spores  arc  intended  before  indiscriminately 
selecting  a  procedure  and  medium  for  sporogencsis. 


Table  11.— Effect  of  sporulation  medium  on  heat  resistance 
of  Clostridium  botulinum  strain  62A  «•»«««' 


Sporulation  medium 


D2M  value 
(minutes  at  240°  F. ) 


Phytone   

Thiotonc  

Poly  peptone  

Tryptkase   

Yeast  extract  . ... 

'Data  obtained  from  Tiuji 


0.46 

.57 
.34 
.42 
.77 
.30 
.32 


(««). 
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Summary 

Botulinal  antitoxins  A,  B,  and  E  obtained  from 
several  sources  were  compared  by  passive  hemagglu- 
tination (HA),  hemagglutination  inhibition  (HI),  and 
gel  diffusion.  The  serological  specificity  of  each  toxin- 
antitoxin  system  was  demonstrated,  although  types  A 
and  B  exhibited  considerable  cross-reactivity  because 
of  the  hemagglutinin.  Attempts  were  made  to  ascer- 
tain the  relationship  between  in  vitro  reactions  and 
toxin  neutralization  in  animals.  The  in  vitro  specificity 
of  type  A  toxin-antitoxin  did  not  involve  neutralizing 
antibodies.  The  type  B  system  may  involve  neutraliz- 
ing antibodies  to  some  extent,  but  the  lack  of  a  quan- 
titative correlation  of  HI  with  toxicity  suggested  that 
other  factors  may  be  involved.  The  type  E  system 
may  involve  neutralizing  antibodies.  Toxic  type  E 
cultures  were  effective,  qualitatively  and  quantita- 
tively, in  HI,  wheras  two  atoxic  variants  were  non- 
inhibitory  and  did  not  react  strongly  in  gel  diffusions. 

Introduction 

The  classification  of  botulinal  toxins  into  antigenic 
types  is  based  on  animal  neutralization  tests  (2). 
Neutralization  tests,  however,  do  not  shed  much  light 
on  elucidating  the  complexity  of  the  botulinal  system. 
Biochemical  procedures  (5)  and  in  vitro  serological 
tests  (7,  8,  JO),  for  example,  suggest  that  botulinal 
toxins  may  be  composed  of  toxic  and  nontoxic  moi- 
eties. The  various  facets  of  these  toxins  must  be  consid- 
ered in  the  development  of  suitable  in  vitro  tests. 
This  paper  presents  some  of  the  in  vitro  serological 
properties  of  botulinal  toxins  types  A,  B,  and  E. 

Materials  and  Methods 

Toxoid.— Purified  botulinal  toxoids  types  A,  B,  and 
E  were  obtained  from  the  U.S.  Army  Biological  Lab- 
oratories. Types  A  and  B  toxoids  were  dialyzcd  against 
phosphate-buffered  saline  (PBS),  pH  7.2,  before  use 
in  serological  tests. 

Antitoxins.— Equine  antitoxins  to  the  toxins  and 
toxoids  were  obtained  from  the  National  Communi- 
cable Disease  Center  (NCDC),  Atlanta,  Ga.,  and  from 
the  Statens  Seruminstitut,  World  Health  Organiza- 
tion, Copenhagen,  Denmark.  Rabbit  antitoxins  were 
produced  by  numerous  subcutaneous  and  intramus- 


cular injections  of  A,  B,  and  E  toxoids  contained  in 
complete  Frcund's  adjuvant. 

Toxic  cultures.— Toxic  cultures  were  obtained 
originally  from  NCDC  and  the  U.S.  Army  Biological 
Laboratories.  Two  nontoxigenic  variants  (810  and 
066BNT)  of  C.  botulinum  type  E  were  obtained  from 
Donald  Kautter,  Food  and  Drug  Administration. 
Cultures  of  types  A  and  B  were  grown  as  previously 
described  (8).  Type  E  cultures  and  type  A  culture 
1 168  were  grown  according  to  the  method  of  Gordon 
et  al.  (-f).  The  type  E  culture,  along  with  1168,  was 
grown  in  cellophane  sacs  as  described  previously  (/). 
All  culture  supernatant  fluids  were  absorbed  with 
formalinized  sheep  cells  prior  to  use  in  hemaggluti- 
nation inhibition  tests. 

Hemagglutination.  — Hemagglutinations  (HA) 
were  performed  as  previously  described  (7).  Briefly, 
toxoids  or  toxins  were  coupled  to  formalinized  sheep 
red  blood  cells  (SRBC)  by  bisdiazotized  benzidine. 
The  sensitized  cells  were  washed  and  suspended  in  a 
rabbit  scrum  albumin-dcxtrose-cthylenc  diaminetetra- 
acctic  acid  solution  (RSA-dex-EDTA)  that  was  pre- 
pared as  described  elsewhere  (9).  Heat  inactivated 
sera  were  absorbed  with  SRBC  and  serially  diluted 
in  RSA-dex-EDTA.  Sensitized  cells  were  added  to 
the  sera,  and  hemagglutinations  were  performed. 

Hemagglutination  inhibition. — Hemagglutina- 
tion inhibition  (HI)  was  performed  as  described  by 
Johnson  et  al.  (8).  To  0.25  ml.  of  twofold  serially 
diluted  antitoxin,  0.25  ml.  of  supernatant  botulinal 
culture  fluids,  diluted  to  the  appropriate  concentration 
in  RSA-dex-EDTA,  was  added.  The  antitoxin  dilution 
was  based  on  a  final  volume  of  0.5  ml.  Following 
incubation  for  20  minutes  at  room  temperature,  HA 
were  carried  out.  Eightfold  or  greater  reductions  in 
titer  by  the  culture  fluids  over  that  of  the  control 
were  considered  as  significant  inhibitions. 

Gel  diffusion. — Micro-Ouchterlony  gel  diffusions 
were  performed  with  types  A  and  B  toxins  and  anti- 
toxins as  previously  described  (8).  Two-by-two  lan- 
tern slides  (2*  x  2*)  were  used  in  type  E  toxin-anti- 
toxin gel  diffusion  as  described  by  Johnson  (6). 

Chromatography.— Dicthylaminocthyccllulose 
(DEAE-cellulose)  chromatography  was  carried  out  as 
described  by  Gerwing  et  al.  (5),  using  the  0.067  M 
citrate  phosphate  buffer  (pH  5.6)  containing  0.1  M 
guanidine  acetate. 
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Gel  filtration  with  Sephadex*  G-200  (3  x  50  cm. 
column)  was  carried  out  on  a  refrigerated  (4°  C.) 
Buchler  fraction  collector.  The  buffer  system  was  the 
same  as  for  DEAE-cellulose  except  that  0.1  M  guani- 
dine-HCl  replaced  guanidine  acetate.  The  flow  rate 
was  approximately  20  ml./hr. 

Results 

Data  on  comparative  hemagglutinations  with  types 
A  and  B  botulinal  toxoids  by  corresponding  antitoxins 
from  three  sources  are  presented  in  table  1.  In  all 
systems,  the  homologous  reactions  were  stronger  than 
the  heterologous.  Cross-reactions  with  E  antitoxins 
were  negligible.  The  degree  of  comparative  cross- 
reactivity  for  the  A  and  B  systems  is  illustrated  by  the 
ratio  of  the  homologous  to  heterologous  titers  (table 
2).  In  all  systems,  the  ratio  of  the  homologous  to 
heterologous  reaction  was  much  greater  than  1,  dem- 
onstrating the  specificity  of  the  HA.  The  degree  of 
cross-reactivity  was  similar  for  the  different  antitoxin 
systems.  The  cross-reactivity  of  type  A  toxoid-SRBC 
and  type  B  antitoxin  was  much  greater  than  the 
reciprocal  cross-reaction. 

Data  on  HA  with  two  ammonium-sulfate-precipi- 
tated  type  E  toxins  (8E  and  Beluga)  and  rabbit  and 

Table  l.-Passive  hemagglutination  with  types  A  and  B 


Toxoid  source 


Antitoxin,1  reciprocal  of  dilution 


B 


A 

Rabbit... 

67,000,000 

524,000 

B 

65,500 

8,400,000 

A 

NCDC, 

equine. 

25,600  (0.0004) 

3,200  (0.003) 
51,200(0.0002) 

R 

<I00  (>0.l> 

A 

Interna- 

tional.. 

1,640,000  (0.00006) 

102,400  (  0.001 ) 

B 

Standard, 

equine. 

3.200  (0.03) 

820,000  (0.00012) 

International  equine  antitoxins  are  presented  in  table  3. 
The  titers  were  the  same  for  the  two  toxins.  Specific 
toxicity  of  Beluga  was  slightly  lower  than  that  of  8E. 
Cross-reactions  with  types  A  and  B  antitoxins  were 
negligible. 

Table  2.— Ratio  of  homologous  to  heterologous 
hemagglutination  (HA)  titers  with  types  A  and  B 
botulinal  antitoxins 


Toxoid 

HA  titer, 
homologous/ 
heterologous 

A,  rabbit  

  A/B 

1024 

B,  rabbit  

B/A 

16 

A,  NCDC  

A/B 

>256 

B,  NCDC  

B/A 

16 

...  A/B 

512 

B/A 

8 

■Values  In  parentheses  Indicate  the  unit*  of  antitoxin  per  milliliter  in  the 
;  tubes.  The  neutralising  capacities  of  the  rabbit  antitoxins  wore 


HI  data  with  types  A  and  B  botulinal  cultures  and 
the  three  sources  of  antitoxins  are  presented  in  table 
4.  The  patterns  of  inhibition  for  the  different  antitox- 
ins were  quite  similar.  Four  type  A  cultures  (1 168, 
Hall,  CAA,  33),  for  example,  specifically  inhibited 
HA  with  A  antitoxins,  although  the  results  with  CAA 
and  rabbit  anti-type  B  were  equivocal.  The  degree  of 
inhibition,  however,  cannot  be  equated  with  the  de- 
gree of  toxicity  of  the  culture.  Cultures  297  and  1 156, 
although  toxic,  failed  to  inhibit  HA  with  the  three 
type  A  antitoxins.  All  type  B  cultures  with  sufficient 
toxicity  (Beans,  770,  1541)  gave  significant  and  specif- 
ic inhibitions  with  type  B  antitoxins.  As  with  type  A 
toxins,  however,  the  degree  of  inhibition  did  not  ap- 
pear to  be  closely  related  to  the  degree  of  toxicity. 
Culture  41,  which  was  of  extremely  low  toxicity,  did 
not  inhibit  cither  the  A  or  B  systems.  This  is  in 
agreement  with  the  limits  of  sensitivity  of  inhibition 
that  were  established  previously  (7).  Four  type  E 
cultures  (8E,  Beluga,  Alaska,  Tenno)  had  no  inhibi- 
tory effect  on  the  A  and  B  antitoxins. 

HI  data  with  type  E  botulinal  cultures  and  the 
rabbit  and  International  antitoxins  are  presented  in 
table  5.  Only  the  toxic  cultures  inhibited  the  HA 


Table  3.— Passive  hemagglutination  wtth  type  E  botulinal  toxins  and  antitoxins 


LDjo  per 
milligram  protein 


Protein,  milligram 
per  milliliter 


Antitoxin 


Titer' 


8E_ 


5.5  x  10* 
4.2  x  10s 


0.275 
.350 


Rabbit...  65,500 

International  equine.       65,500  (0.0015) 

Rabbit   65,500 

International  equine.       65,500  (0.0015) 
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Rabbit  antitoxin 
LD50  per   


Culture,  type        0.25  ml.  A  B 


1 168,  A   600,000  16  4 

Hall,  A»   14,000  >.r>12  2 

CAA,  A   6,000  64-128  4-8 

33,  A   6,000  32-64  4 

297,  A   6,000  2  4 

1156,  A   535  0  2-4 

Beans,  BJ   6,000  0  >512 

770,  B   10,000  2-4  128-512 

1541,  B   790  0  236 

41.  B   6  2-4  2-4 


reactions  with  both  8E  and  Beluga  SRBC  antigens. 
The  highly  toxic  type  E  cultures,  8E,  Alaska  and 
Beluga,  inhibited  to  roughly  the  same  extent,  except 
that  Alaska  was  not  as  effective  against  the  Bcluga- 
SRBC  antigen  and  rabbit  antitoxin.  Strain  Tenno, 
which  was  considerably  less  toxic,  inhibited  but  to  a 
lesser  extent.  This  does  suggest  that  the  degree  of 
inhibition  is  related  roughly  to  toxicity.  The  two  non- 
toxigenic  variants,  810  and  066BNT,  were  noninhibi- 
tory. 

Specificities  and  serological  relationships  among 
types  A  and  B  toxins  and  antitoxins  were  further 
studied  by  inicro-Ouchterlony  gel  diffusions.  Figure  1 
presents  gel  diffusion  patterns  obtained  with  rabbit 
types  A  and  B  antitoxins  and  A  and  B  toxoids.  The 
toxoids  were  from  the  same  lot  used  in  IiA.  Type  A 
antitoxin  produced  two  lines  with  its  homologous 
toxoid,  the  innermost  of  which  showed  identity  with 
B  toxoid.  Type  B  antitoxin,  on  the  other  hand,  pro- 
duced three  lines  with  its  homologous  toxoid.  The 
middle  line  showed  identity  with  A  toxoid.  The  inner- 


Fold  reduction  in  titer 


NCDC  equine  antitoxin        International  equine  antitoxin 


A 

B 

A 

B 

64 

•_> 

128 

2 

>512 

2 

>5I2 

2 

32 

2-4 

32-64 

2-4  " 

16-32 

2 

64-128 

0-4 

0-2 

2 

0-2 

0-4 

0 

0-2 

0 

0 

0 

>512 

0 

>512 

2 

128 

2^ 

128-512 

0 

256 

0 

64 

2-4 

0-2 

0-4 

0-2 

Figure  1.— Diagrammatic  representation  of  gel  diffusion  re- 
actions of  types  A  and  B  rabbit  antitoxins  and  their  corre- 
sponding toxoids.  A,  rabbit  A  antitoxin;  B,  rabbit  B  anti- 
toxin; 1,  2,  3,  B  toxoid;  4,  5,  6,  A  toxoid. 


most  line  was  quite  weak  and  could  not  be  reproduced 
with  consistency.  The  line  of  identity  between  the 
heterologous  systems  is  probably  due  to  the  hemagglu- 
tinin referred  to  by  Lamanna  and  Lowenthal  (10). 
NCDC  and  International  antitoxins  gave  reactions 
similar  to  those  of  rabbit  antitoxins,  although  they 


employed  la 


(i). 


Table  5. -Hemagglutination  inhibitions  with  type  E  botulinal  cultures 


Fold  reduction  in  titer 


Inhibitor 


I.IW0.25  ml. 


Antigen 


Rabbit  antitoxin 


International  antitoxin 


IE    80,000 

Uaska   80,000 

Jeluga   80,000 

renno    250 

110    <10 

I66BNT   <10 

IE     80,000 

Vlaska     80,000 

leluga   80,000 

renno   250 

110     <10 

I66BNT   <10 


8E. 


Beluga. 


4096 

>  1024 

>2048 

>I024 

1024 

>1024 

256 

64 

0 

0 

0 

0 

4096 

>1024 

512 

>1024 

4096 

>1024 

512 

64 

0 

0 

0 

0 
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were  weaker.  The  innermost  line  with  rabbit  type  B 
antitoxin  could  not  be  produced  with  the  NCDC  and 
International  antitoxins. 

Supernatant  fluids  from  the  type  A  cultures  em- 
ployed in  the  inhibitions  in  table  4  were  also  examined 
by  micro-Ouchterlony  gel  diffusion  against  rabbit  type 
A  antitoxin  (fig.  2).  The  A  toxoid  as  well  as  strains 


Figure  2.  — Diagrammatic  representation  of  gel  diffusion 
reactions  of  type  A  rabbit  antitoxin  and  typo  A  botulinal 
culture  fluids.  A,  rabbit  A  antitoxin;  1,  culture  CAA;  2,  5,  A 
toxoid;  3,  culture  33;  4,  culture  1156;  6,  culture  297. 

CAA  and  33  gave  identical  reactions.  No  lines  were 
observed  with  cultures  297  and  11 56  even  after  nu- 
merous ratios  of  culture  and  antitoxin  were  tested.  The 
precipitin  reactions,  then,  arc  in  agreement  with  the 
HI  data  for  these  cultures.  Although  not  shown,  the 
Hall  and  1168  strains  produced  results  identical  to 
A  toxoid. 

Rabbit  type  B  antitoxin  and  type  B  cultures  used 
in  HI  were  also  examined  by  gel  diffusion  (fig.  3). 
Culture  770  gave  three  bands,  a  reaction  identical 
with  that  of  B  toxoid.  Although  not  shown,  Bean 
strain  also  gave  this  type  of  reaction.  Culture  1541 


Figure  3.— Diagrammatic  representation  of  gel  diffusion 
reactions  of  type  B  rabbit  antitoxin  and  type  B  botulinal 
culture  fluids.  B,  rabbit  B  antitoxin;  1,  culture  770;  2,  4,  6, 
B  toxoid;  3,  culture  1541;  5,  culture  41. 


produced  only  one  band,  the  innermost,  with  type  B 
antitoxin.  It  is  possible  that  this  is  the  system  involved 
in  HA  and  HI,  since  1541  was  an  effective  inhibitor 
of  HA.  Culture  41,  which  was  virtually  nontoxic  and 
noninhibitory,  produced  one  precipitin  band,  which 
corresponded  to  the  hcmagglutinin-antihcmagglutinin. 

Ouchtcrlony  tests  on  lantern  slides  were  performed 
with  type  E  toxins  and  antitoxins.  Figure  4  demon- 

o 


o 

Figure  4.- Diagrammatic  representation  of  gal  diffusion 
reactions  of  typo  E  rabbit  antitoxin  and  type  E  botulinal 
culture  fluids.  Center  well  contains  antitoxin.  Culture  fluids 
in  peripheral  wells,  starting  at  12  o'clock,  are  8E,  Alaska, 
Beluga,  Tenno,  810,  and  066BNT. 

strates  the  precipitin  patterns  with  types  8E,  Alaska, 
Beluga,  Tenno,  810,  and  066BNT  cultures  against 
rabbit  antitoxin.  Four  distinct  bands  were  formed 
with  Alaska.  Two  of  the  bands  showed  identity  with 
cultures  8E  and  Beluga.  A  diffuse,  indistinct  band 
was  shared  by  all  of  the  cultures  except  Tenno.  This 
band  probably  plays  no  significant  role  in  HA  and 
HI  since  Tenno  was  inhibitory,  whereas  810  and 
066BNT  were  not.  A  zone  of  precipitation  in  the 
area  of  the  antitoxin  well  was  pnxluccd  by  all  of  the 
cultures.  This  band  is  probably  of  no  significance  to 
HA  and  HI.  The  apparent  lack  of  any  observable 
lines  of  identity  of  the  Tenno  culture  with  the  other 
three  toxic  cultures  may  be  attributable  to  the  small 
amount  of  antigen  present  in  the  Tenno  culture. 
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Ouchtcrlony  tests  on  lantern  slides  with  Interna- 
tional antitoxin  and  the  same  cultures  used  in  figure 
4  shed  further  light  on  the  precipitin  system  (fig.  5). 

O 


o 

Figure  5.— Diagrammatic  representation  of  gel  diffusion 
reactions  of  type  E  International  equine  antitoxin  and  type 
E  botulinal  culture  fluids.  Center  well  contains  antitoxin. 
Culture  fluids  in  peripheral  wells,  starting  at  12  o'clock,  are 
8E,  Alaska,  Beluga,  Tenno,  810,  and  066BNT. 

Strains  8E,  Alaska,  and  Beluga  showed  identity  with 
four  precipitin  lines.  The  innermost  line  also  appears 
with  Tenno.  The  diffuse  band,  shared  by  all  except 
Tenno  (fig.  4),  is  not  present  in  this  system.  Also,  the 
zone  in  the  immediate  area  of  the  antitoxin  was  not 
observed  with  the  International  antitoxin. 

Ammonium-sulfate-precipitatcd  sac  cultures  of  type 
A  1168  and  type  E  Beluga  were  purified  on  DEAE- 
cellulosc.  A  frontal  peak  similar  to  that  of  Gerwing  et 
al.  (.?)  was  obtained  and  was  compared  with  the  stock 
cultures  for  specific  toxicity  and  serological  specificity. 
Specific  toxicities  of  the  two  toxins  were  not  signifi- 
cantly different  from  that  of  their  stocks.  The  same 
was  also  true  of  their  behavior  in  the  the  HI  tests  in 
which  the  stock  and  DEAE-cellulose  fractions  were 
used  both  as  antigens  and  as  inhibitors.  It  is  concluded 
tliat,  from  a  serological  point  of  view,  the  DEAE- 
cellulose  chromatographed  toxins  are  not  a  great  deal 
more  purified  than  those  salt-precipitated  from  sac 
cultures. 


Sephadex  (G-200)  gel  filtration  patterns  with  am- 
moniuin-sulfate-precipilaled  toxin  from  type  A  culture 
1 168  produced  several  peaks.  The  bulk  of  the  toxicity 
was  associated  with  the  first  peak.  Accordingly,  die 
fractions  making  up  this  peak  were  pooled  and  com- 
pared with  the  stock  in  terms  of  specific  toxicity  and 
serological  specificity  in  HI  tests.  The  pooled  fractions 
were  purified  twofold  according  to  specific  toxicity. 
The  serological  specificities  were  essentially  the  same 
in  HI  tests  in  which  the  pooled  fractions  and  stock 
were  used  both  as  antigens  and  inhibitors.  Thus, 
neither  marked  increases  in  purification  nor  variation 
in  serological  specificities  were  observed  in  chromato- 
graphically  purified  toxins. 

Discussion 

Marked  differences  in  serological  specificity  were 
not  observed  with  botulinal  antitoxins  of  a  given  type. 
Small  variations  in  HI  and  gel  diffusions  were  ob- 
served, but  gross  differences  in  specificity  were  not 
observed.  The  cross-reactions  of  the  types  A  and  B 
toxins  and  antitoxins  in  HA  and  gel  diffusions  were 
probably  attributable  to  the  antigenically  similar 
hemagglutinins.  Two  observations  with  type  A  toxin 
suggested  that  the  HI  system  was  not  associated  with 
neutralizing  antibodies.  First,  some  toxic  cultures  did 
not  react  in  gel  diffusions  or  HA;  second,  the  degree 
of  inhibition  of  HA  by  toxic  cultures  did  not  appear 
to  be  proportional  to  the  toxicity  of  the  cultures. 

HI  with  type  B  toxic  cultures  did  not  unequivocally 
eliminate  the  possibility  that  neutralizing  antibodies 
played  a  significant  role  in  the  HA  reaction,  since  HI 
was  obtained  with  all  of  the  moderately  to  highly 
toxic  cultures,  but  not  with  strain  11,  which  was  of 
extremely  low  toxicity.  There  seems  to  be,  however, 
a  lack  of  correlation  between  the  amount  of  toxicity 
and  inhibitory  power.  This  suggests  that  substances 
other  than  toxin  may  play  a  role  in  the  serological 
specificity  of  type  B  toxin.  It  is  possible  that  the 
innermost  line  in  gel  diffusion  with  type  B  cultures 
may  represent  the  HA  system,  since  all  of  the  cultures 
that  formed  it  were  effective  in  HI. 

HI  data  with  type  E  toxin  correlated  roughly  with 
both  toxicity  and  the  degree  of  toxicity  and  suggest 
that  neutralizing  antibodies  may  play  a  significant 
role  in  serological  specificity.  It  is  difficult  to  compare 
the  HI  and  gel  diffusion  data,  but  the  two  innermost 
lines  seen  in  the  rabbit  antitoxin  system  (fig.  4)  may 
play  a  significant  role.  Tenno  did  not  react  with 
either  line  in  the  rabbit  system  but  did  show  a  band 
with  the  innermost  line  in  the  equine  antitoxin  system 
(fig.  5).  The  apparent  lack  of  a  line  with  Tenno  may 
be  attributable  to  low  concentrations  of  antigen.  This 
culture  reacted  to  a  lesser  extent  than  8E,  Alaska, 
and  Beluga  in  the  HI  test. 
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The  preliminary  data  on  purification  by  chroma- 
tographic procedures  have  not  shed  much  light  on 
the  nature  of  serological  specificity  of  the  botulinal 
toxins.  Studies  along  the  line  of  purification  and  isola- 
tion of  toxic  moieties  are  continuing. 
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Summary 

A  bioassay  method  for  Clostridium  botulinum  type  E 
toxins  is  proposed.  The  method  consists  of  intravenous 
injections  into  mice  with  serial  dilutions  of  toxin  sam- 
ples and  a  reference  toxin,  determination  of  the  time 
in  minutes  from  injection  to  death  of  each  mouse, 
conversion  of  the  time  to  the  corresponding  score,  and 
calculation  of  the  values  relative  to  that  of  the  refer- 
ence toxin  by  the  parallcl-linc-assay  method.  When 
five  mice  were  used,  for  each  of  three  twofold  serial 
dilutions,  the  precision  of  the  assay  method  was  about 
±27  percent.  By  this  method,  the  toxicity  could  be 
determined  in  an  hour  or  two,  and  the  relative  values 
against  a  reference  toxin  were  highly  reproducible. 
The  present  scoring  system  is  applicable  to  undisso- 
ciated  and  dissociated  activated  type  E  toxins  con- 
taining about  1,000  intraperitoneal  LD50/O.I  ml.  or 
higher  toxicity. 

Introduction 

Cl.  botulinum  toxin  is  assayed  generally  by  intra- 
peritoneal injections  into  mice  with  serial  dilutions. 
The  mice  are  observed  for  deaths  for  four  days  to  cal- 
culate MLD  or  LD5o- 

A  much  more  rapid  method  was  introduced,  in 
which  the  time  from  the  intraperitoneal  injection  into 
mice  to  death  was  taken  as  a  measure  of  the  toxicity 
(11).  To  keep  the  error  on  a  low  level,  however,  this 
method  was  found  to  require  a  larger  number  of 
mice  than  the  usual  method.  Boroff  and  Fleck  (1) 
described  a  similar  method  in  which  type  A  toxin 
was  injected  intravenously  instead  of  intraperitoneally. 
The  time  to  kill  the  mice  ranged  from  about  30  to  70 
minutes  depending  upon  the  toxicity  from  about 
5,000  to  500,000  intraperitoneal  LD50/O.I  ml.  They 
stated  that  the  precision  of  the  method  was  ±14  per- 
cent by  using  only  three  mice  per  dilution. 

We  applied  the  intravenous  injection  method  to 
type  E  toxin  and  attempted  to  establish  a  rapid  and 
reproducible  bioassay  method  by  means  of  the 
parallel-line-assay  method  and  by  expressing  the  tox- 
icity as  a  relative  value  against  a  reference  toxin. 

Type  E  toxin  is  obtainable  in  four  different  forms, 
unactivated  12S  and  7S  and  activated  12S  and  7S 


(6).  The  log-dose-response  lines  of  all  forms  of  the 
toxin  were  linear  and  parallel  from  one  to  another, 
but  the  ratios  of  the  intraperitoneal  LDso,  actually 
determined,  to  those  estimated  from  the  intravenous 
method  were  different  between  the  unactivated  and 
the  activated  toxins. 

Materials  and  Methods 

Mice. — Commercially  raised  white  mice  of  the  ddS 
strain  of  both  sexes  weighing  15  to  25  g.  were  used. 

Toxins.— Materials  taken  at  different  steps  of  puri- 
fication of  type  E  toxin  at  different  periods  were 
used.  The  7S  toxins  were  obtained  chromatograph- 
ically  on  DEAE-Scphadcx  at  pH  8  (unpublished 
work)  from  either  of  the  12S  toxins.  The  dissociation 
was  proved  by  the  single  precipitation  band  in  agar- 
gel-diffusion  test  (6).  The  materials  used  and  their 
properties  are  shown  in  Table  1 . 

Mouse  inoculation. — The  undissociatcd  toxins 
were  diluted  in  0.05  M  acetate  buffer,  pH  6.0;  the  7S 
toxins  in  0.05  M  phosphate  buffer,  pH  6.0,  contain- 
ing gelatin  at  0.2  percent  to  protect  the  highly  diluted 
materials  from  loss  of  toxicity. 

With  the  half  milliliter  "Luctin"  syringe  calibrated 
with  0.01 -ml.  interval,  0.1-ml.  portions  were  injected 

Table  1.— Type-E  toxin  materials  used  in  the 
present  investigation 


Milli- 
gram 

Toxin  Intrapcri-  protein 

Num-  tonral       per  mil-  LDso/ 

bcr       Specification        LDjo/ml,      liliter       rug.  N 


I  -Precursor, 

undissociatcd...  18,000  1.05  1.07  x10* 

2  do    30,200  3.12  0.05  x  104 

3            ...do   25,900  7.01  2.31  x10* 

4  do   11,200  4.00  1.75  x10* 

5  Precursor, 

dissociated   13,500  1.95  4.32  x10* 

6l  Activated  toxin, 

undissociatcd.  13,200,000  3.12  2.64  x  107 

71  do   2,860,000  2.42  7.39  x  10* 

8'  Activated  toxin, 

dissociated.  372,000  0.035  6.55  x  107 


'Torio  Nob.  6  And  7  contained  trypsin;  toirin  No. »  contained  no  trypsin. 
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into  the  tail  vein  of  mice.  The  inoculated  mice  were 
observed  continuously  for  deaths. 

The  intraperitoneal  LD50  was  determined  by  the 
method  described  elsewhere  {10). 

Results 

An  assumed  scoring  system. — A  dilution  of  the 
toxin  No.  7  containing  5,000  LD50/O.I  ml.  was  in- 
jected into  a  total  of  101  mice.  The  time  in  minutes 
from  injection  to  death  of  each  mouse  was  categorized 
as  shown  in  table  2.  The  scoring  system  was  set  up 
from  the  graded  death  times  to  obtain  a  linear  relation 
between  the  score  and  the  integrated  percentage  fre- 
quency when  the  integrated  frequency  distribution 
was  plotted  on  a  normal  probability  paper  (fig.  1 ) . 

Table  2.— Death  time  of  the  mice  injected  with  a 


trypsin-activated  type  E  toxin  containing 
5,000  intraperitoneal  LDso/0.1  ml.  and  the  as; 


Frequency  Integrated 

Time  from 


Score 

challenge 
to  death 

(in 
minutes) 

Exper- 
iment 
1 

Exper- 
iment 

2 

Total 

Fre- 
quency 

Percent- 
quency 

0  

<35 

1 

0 

1 

1 

1.0 

1  

36-41 

■I 

0 

2 

2 

2.0 

2  

42-45 

14 

I 

15 

18 

17.8 

3  

46-50 

15 

9 

24 

42 

41.6 

4  

51-54 

17 

20 

37 

79 

78.2 

.■>____ 

55-60 

10 

7 

17 

96 

95.0 

6.... 

61-73 

1 

3 

4 

100 

99.0 

8  

>74 

1 

0 

1 

101 

100.0 

From  the  scores  applied  on  the  results  in  table  2,  a 
mean  score  of  3.65  was  obtained  (table  3). 

Parallelism  and  slope  of  the  log-dose-response 
lines.— The  parallelism  and  the  linearity  of  the  log- 
dose-response  lines  obtained  with  five  unactivated  and 

Table  3.-Calcu(ation  of  the  mean  score  of  the  mice 
injected  with  5,000  intraperitoneal  LDm 


Score  Frequency         Sum  of  scores 


0   1  0 

1    2  2 

2    15  30 

3    24  72 

4    37  148 

5   17  85 

6   4  24 

8   1  8 


Total   101  369 

Mean  score   369/101=3.65 


9999r 


99  9  " 


Figure  l.— Integrated  percerffag^Trequeiicy  and  the 


three  activated  toxins  were  examined.  Each  toxin 
sample  was  diluted  twofold,  serially  into  three  to  four 
levels.  Each  dilution  was  injected  into  five  mice.  The 
death  time  of  each  mouse  was  converted  into  the 
corresponding  score  as  shown  in  table  2.  The  results 
given  in  table  4  were  analyzed  statistically  (table  5). 

The  nonparallelism  of  the  log-dose-response  line  of 
each  toxin  material  was  not  significant  at  the  5  per- 
cent level  of  probability.  The  common  slope,  b,  was 
calculated  from  the  following  equation: 

ZSxy/ZSxx  =  -247.11/109.74  =  -2.252 

Since  the  logarithm  to  base  2  was  used  in  the  anal- 
yses, the  figure  is  to  be  divided  by  0.301  to  express  it 
in  a  common  logarithm. 

-2.252/0/301  =  -7.48 

The  common  variance,  j2,  was  calculated  to  be 
1.05. 

Estimation  of  the  intraperitoneal  LD50  from  the 
results  of  the  intravenous  injections.— The  intra- 
peritoneal LD50  was  calculated  for  each  material  from 
the  results  shown  in  table  4  by  the  equation  given 
below: 

y  =  J  +  b  (x  -x) 
where  y  is  3.65,  the  mean  score  obtained  from  the 
injection  of  5,000  intraperitoneal  LDjso  of  toxin  No. 
7,  y  the  mean  score  of  the  sample,  *  the  log  dose  of 
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Table  4.— Examples  of  titration  of  typo  E  toxin  by  the 
proposed  parallel-llne-assay  method 


Toxin 
Num- 


Her 

lnv  I 
log  X 

Scores 

T. 

y 

f  1:2 

[  ° 

0 

l 

1 

5 

1:4 

1  3 

3 

3 

4 

4 

1  

1:8 

>    -1.749  1 

3 

4 

rj 

6 

6 

■  4.40 

1:16 

8 

8 

8 

8 

8 

1:4 

1 

I 

I 

] 

2 

2...  \ 

1:8 

-1.903  1 

3 

3 

4 

-r) 

5 

4.00 

1  1:16 

6 

'i 

H 

8 

8  i 

1:4 

1 

! 

'J 

3 

3 

3  j 

1:8 

-1.903  - 

5 

5 

5 

') 

8 

5.13 

1  1:16 

6 

8 

8 

8 

8 

1:1 

'  0 

1 

1 

1 

1 

1:2 

-1.460 

1 

3 

3 

4 

4  1 

1:4 

5 

-  > 

6 

3.79 

1:8 

5 

6 

G 

8 

1:1 

0 

0 

0 

1 

5  - 

1:2 

-1.301 

1 

1 

1 

2 

3 

2.07 

1:4 

\  3 

4 

4 

:> 

6 

1:100  ' 

0 

i 

1 

2 

2 

6  

1:200 

-3.301 

3 

3 

3 

4 

4 

3.73 

,  1:400 

5 

r. 

« 

H 

8 

1:32.5  1 

1 

2 

2 

2 

2 

7 

1:65 

-2.813 

5 

r. 

:") 

6 

6 

4.60 

t  1:130 

t. 

0 

8 

8 

\  1:4 

i 

i 

2 

2 

2 

1:8 

-1.903 

3 

4 

4 

3.40 

1:16 

<:> 

8 

Table  5. -Statistical  analyses  of  the  results  shown 
in  tablo  4 


Nature  of 

Degree  of 

Sum  of 

Mean 

variation 

freedom 

squares 

squares 

Preparations  

7 

363.12 

51.87 

1 

556.44 

556.44 

Parallelism  

7 

13.26 

1.89 

Lineality  

10 

17.11 

1.71 

Between  doses  

25 

949.93 

37.99 

103 

107.95 

1.05 

Total  

128 

1,057.88 

the  sample  which  would  give  a  score  of  3.65  when 
injected,  xjthe  mean  log  dose  of  the  sample  in  the 
assay,  and  b  —  7.48,  the  common  slope.  The  results  are 
shown  in  table  6  in  comparison  with  the  intraperi- 
toneal LDoo  values  actually  determined. 

The  following  is  an  example  of  calculation  with 
toxin  No.  1 : 

3.65  =  4.40  +  (  -7.48)  [x  -  (  -1.749)} 
x  =  -1.649  =5.351  (0.0224) 
This  indicates  that  if  0.0224  ml.  portions  of  toxin  No. 
1  are  injected,  a  mean  score  of  3.65  would  be  obtained. 
In  other  words,  0.0224  ml.  of  this  material  should 
contain  approximately  5,000  intraperitoneal  LD50. 
Therefore,  intraperitoneal  LDso/ml.  can  be  estimated 
by  the  following  equation: 

5,000  X  1/0.0224  1/0.224  =  223,000 


As  shown  in  table  6,  the  ratios  of  the  intraperitoneal 
LDso/ ml.  estimated  from  the  intravenous  method  and 
those  actually  determined  are  close  to  1  with  undisso- 
ciated  and  dissociated  trypsin-activated  toxins;  while, 
those  with  undissociated  and  dissociated  unactivated 
toxins  arc  close  to  10. 

Tablo  6.— Comparison  of  intraperitoneal  LD90  estimated 
from  the  Intravenous  injections  and  that 
actually  determined 


Intraperitoneal  LDso/ml 
Toxin   


Number       Determined  Estimated  Ratio 


1   18,000  223,000  12.39 

2   30,200  360,000  11.92 

3...   25,900  255,000  9.85 

4   11,200  130,000  11.61 

5   13,500  165,000  12.22 

6   13,200,000  9,750,000  0.74 

7    2,860,000  2,450,000  0.86 

8   372,000  430,000  1.16 


The  method  proposed  for  titrating  type  E  toxins 
by  intravenous  injection. — It  is  desirable  to  deter- 
mine the  toxicity  of  any  toxin  in  relation  to  that  of  a 
reference  toxin,  rather  than  determining  a  mere 
"animal  unit"  such  as  MLD  or  LD50,  because  it  is 
extremely  difficult  to  control  every  condition  under 
which  bioassays  are  performed.  The  parallel-line-assay 
method  should  be  accurate  and  reproducible  enough 
for  this  purpose.  The  principle  of  the  parallel-line- 
assay  method  proposed  for  titrating  C.  botulinum  type 
E  toxin  is  as  follows: 

A  test  sample  is  activated  with  trypsin  and  the 
graded  doses  are  injected  intravenously  into  mice  of 
one  group  and  a  reference  toxin  also  in  graded  doses 
into  another  group.  The  time  from  challenge  to  death 
of  each  mouse  is  recorded.  The  time  is  converted  into 
the  corresponding  score  such  as  the  one  in  table  2. 
The  relative  toxicity  (M)  of  the  sample  is  calculated 
by  the  following  equation: 

M  =  3F,  -  7,  -  (J,  -  Jt)? 
where  x%  and  xt  represent  the  mean  log  doses  of  the 
reference  toxin  and  the  toxin  sample,  respectively,  ys 
and  Jt  the  mean  scores  of  the  reference  toxin  and  the 
toxin  sample,  repectively,  and  b  the  common  slope. 

Table  7  shows  the  relative  toxicities  with  the  fidu- 
cial limits  of  two  other  toxin  samples  titrated  against 
the  arbitrary  reference  toxin,  No.  6. 

Discussion 

Ipsen  (4,  5)  proposed  a  score  system  for  bioassay  of 
tetanus  toxoid.  Kondo  ct  al.  (8)  reported  a  bioassay 
method  for  diphtheria  toxin  by  intracerebral  injection 
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Table  7.- Relative  toxicities  of  the  activated  toxins 
against  toxin  No.  6  as  a  temporary  reference  and  their 
fiducial  limits 


Toxin 
Number 

Logarithm  relative 
toxicity  (M) 

Fiducia 

J  limits1 

6  

0 

7  

-0.6O4 

-0.706 

-0.502 

8  

-1.355 

-1.457 

-1.252 

"Af  ±W  V(M)  :  V(Jtf)  -  »Vfr-»{jJf  +  jj4  +  (M  -  ?,  +T,)VSxx] 


into  mice.  The  method  was  based  upon  the  principles 
of  scoring  and  the  parallel-line-assay  method. 

Botulinus  toxin  is  assayed  by  diluting  serially  and 
injecting  each  dilution  into  mice,  intraperitoneally, 
in  order  to  yield  the  LD50  or  MLD  in  four  days.  A 
rapid  method  was  studied  in  which  the  time  from 
intraperitoneal  injection  to  death  was  taken  as  a 
measure  of  the  toxicity  (//).  The  method  was  appli- 
cable to  type  A  toxin  containing  200  to  200,000 
LDso/ml.,  but  the  precision  was  reported  to  be  about 
±40  percent  when  50  mice  were  used  for  one  assay. 
Boroff  and  Fleck  (/)  described  a  similar  rapid  method 
in  which  toxin  is  injected  intravenously  into  mice. 

It  seems  unsatisfactory  to  express  the  toxicity  of 
botulinus  toxin  merely  in  such  an  "animal  unit"  as 
MLD  or  LD.10,  if  one  wants  to  compare,  strictly,  the 
toxin  potency  of  one  sample  to  that  of  another  in  the 
same  or  different  laboratories,  because  the  conditions 
under  which  bioassays  are  performed  may  be  quite 
variable.  For  higher  reproducibility  of  bioassay  of 
botulinus  toxins  of  any  type,  the  parallel-line-assay 
method  should  be  introduced.  The  assay  method 
proposed  for  type  E  toxin  was  based  on  scoring  the 
time  from  intravenous  injection  to  death  and  on  the 
parallel-linc-assay  method.  The  toxicities  of  several 
samples  can  be  assayed  in  1  or  2  hours.  The  precision 
of  about  ±27  percent  is  expected  when  15  mice  for 
each  sample  (five  mice  for  each  of  three  dilutions) 
and  the  same  number  of  mice  for  the  reference  toxin 
arc  used.  For  the  same  level  of  precision,  about  10 
mice  must  be  injected  with  each  dilution  of  at  least 
six  graded  doses  by  the  usual  intraperitoneal  method 

It  was  very  interesting  to  find  that  the  unactivated 
and  the  activated  toxins  cannot  be  assayed  by  the 
same  scoring  system.  The  unactivated  toxin  killed  the 
mice  significanUy  more  quickly  than  the  activated 
toxin  containing  the  same  intraperitoneal  LDso/ml. 
It  seems  impractical  to  establish  an  independent 
scoring  system  for  assaying  unactivated  toxin,  because 
type  E  toxin  in  natural  circumstances,  especially  in 
the  presence  of  various  contaminating  organisms,  may 
represent  a  mixture  of  the  unactivated  and  activated 
toxins  at  an  unknown  proportion  (9).  The  present 


method,  therefore,  is  applicable  only  to  the  toxin 
samples  that  have  been  activated  with  trypsin.  The 
discrepancy  found  between  the  unactivated  toxins  in 
intraperitoneal  and  intravenous  injections  needs  fur- 
ther study  to  be  given  a  satisfactory  explanation. 

The  proposed  method  is  applicable  to  assaying  type 
E  activated  toxins  containing  about  1,000  intraperi- 
toneal LD>io/0.1  ml.  or  higher  toxicities.  The  method 
is  rapid  to  perform  and  of  satisfactorily  high  precision. 
It  is  very  useful  for  assaying  samples  at  steps  of  pur- 
ification of  type  E  toxin  (7). 

Food  samples,  however,  may  contain  lower  toxici- 
ties. By  setting  up  an  independent  scoring  system 
covering  longer  death  times,  the  extract  of  food  could 
be  assayed  by  the  same  method.  The  linear  relation- 
ship between  the  log  dose  of  type  E  toxin  and  the  log 
death  time  has  been  demonstrated  to  hold  down  to 
200  intraperitoneal  LD50/O.I  ml.  However,  the  pre- 
cision of  the  method  will  be  lower  when  used  to  assay 
toxins  of  lower  toxicities.  The  incriminated  food, 
izushi,  has  been  demonstrated  to  contain  different 
toxicities;  some  were  shown  to  contain  20,000  intra- 
peritoneal LDr,o/g.  or  higher  toxicity  after  tryptic 
activation  (2,  3).  With  such  highly  toxic  food,  quanti- 
tative determination  of  type  E  toxin  can  be  made 
very  rapidly  by  applying  this  method.  Even  if  a  food 
sample  contains  lower  toxicity  than  the  lowest  detect- 
able level  of  the  present  method,  the  inoculated 
mice  should  die  within  a  few  hours.  Therefore,  it 
would  be  worth  performing  the  present  method  by 
injecting,  intravenously,  the  food  extract  into  the  mice, 
both  unprotected  and  protected  with  type-specific 
antitoxins,  and  also  injecting  the  heat-treated  extract 
into  unprotected  mice  in  order  to  detect  and  identify 
the  toxin  in  foods. 
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ACTIVATION  OF  CLOSTRIDIUM  BOTULINUM 
TOXIN  BY  TRYPSIN 
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Summary 

The  turbidity  and  pH  of  culture  fluids  and  the 
process  of  toxin  production  were  examined  with  C. 
botulinum  types  A,  B,  C,  D,  E,  and  F. 

In  the  case  of  the  proteolytic  group,  the  turbidity 
of  culture  fluids  increased  at  the  beginning  of  incuba- 
tion and  then  rapidly  decreased.  The  pH  fell  to  the 
acid  side  and  then  approached  the  neutral  point.  In 
the  case  of  the  nonproteolytic  group,  on  the  contrary, 
the  turbidity  increased  at  the  beginning  and  main- 
tained the  initial  level.  The  pH  fell  rapidly  to  the 
acid  side  and  did  not  rise  again.  This  seemed  to  be 
due  to  the  difference  in  the  biological  (proteolytic 
and  saccharolytic)  activities  of  the  two  groups. 

As  for  the  process  of  toxin  production,  however, 
these  two  groups  were  each  further  subdivided  into 
two  subgroups.  In  the  proteolytic  group,  the  activation 
of  toxin  by  trypsin  was  observed  only  at  the  early 
period  of  incubation  in  type  A,  strain  190  and  type 
F,  strain  Denmark,  while  it  was  clearly  observed  dur- 
ing the  later  period  of  incubation  in  type  B,  strain 
Lamanna.  In  the  nonproteolytic  group,  the  activation 
was  clearly  observed  in  type  E,  strains  VH  and 
Iwanai,  type  B,  strain  QC  and  type  F,  strain  OSU, 
while  in  type  C,  strains  468  and  Stockholm  and  type 
E,  strain  1873,  the  activation  phenomenon  was  not 
observed  from  the  early  period  of  incubation.  Thus, 
the  simple  scheme  that  toxin  molecules  are  produced 
as  precursors  of  low  toxicity  and  then  activated  by 
proteolytic  enzymes  elaborated  by  the  organisms 
seems  to  be  not  always  applicable  to  all  types  of  C. 
botulinum. 

Introduction 

It  is  generally  accepted  that  toxin  of  C.  botulinum 
type  E  is  first  produced  as  a  precursor  or  prototoxin 
of  low  toxicity  and  then  activated  into  toxin  by  some 
kind  of  enzymes  produced  by  the  organisms. 

Sakaguchi  and  Tohyama  (10)  isolated  a  strain  of 
anaerobe  from  "izushi"  which  had  caused  an  outbreak 
of  type  E  botulism  and  reported  that  the  culture 
filtrate  of  this  organism  increased  the  toxicity  of  type 
E  culture  which  had  been  isolated  from  the  same 
izushi. 
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Duff,  Wright,  and  Yarinsky  (5)  reported  that  tryp- 
sin activated  type  E  toxin  and  that  the  optimum  pH 
for  the  activation  was  around  pH  6.  Dolman  (2) 
reported  on  the  phase  variation  of  C.  botulinum  type  E 
and  demonstrated  that  proteolytic  mutants  of  type  E 
have  a  conspicuous  ability  to  activate  type  E  toxin. 
Dolman  (3)  also  reported  findings  which  suggest  that 
the  activation  takes  place  in  vivo.  The  present  author 
(8)  also  reported  that  the  toxicity  of  type  E  toxin 
contained  in  izushi  which  had  caused  an  outbreak  in 
Hokkaido  was  increased  more  than  a  hundredfold  by 
trypsin,  thus  suggesting  that  in  vivo  activation  should 
play  an  important  role  in  the  pathogenesis  of  type  E 
botulism. 

As  described  above,  the  phenomenon  of  the  activa- 
tion of  botulinus  toxin  has  been  chiefly  investigated 
on  type  E  and  the  possible  mechanisms  of  the  activa- 
tion have  been  studied  by  Gerwing,  Dolman,  and  Ko 
(6")  and  Sakaguchi  and  Sakaguchi  (11).  This  phenom- 
enon, however,  was  observed,  not  only  with  type  E 
but  also  with  types  A  and  B  toxins.  For  example, 
Bonventre  and  Kempe  (/)  reported  that  activation 
by  trypsin  was  demonstrable  with  young  cultures  of 
types  A  and  B  and  presumed  that,  in  case  of  these 
proteolytic  strains,  proteinases  produced  by  the  organ- 
isms activated  the  toxin  very  rapidly,  whereas  in  case 
of  nonproteolytic  strains  such  as  type  E,  the  produc- 
tion of  proteinases  was  so  limited  that  most  toxin 
molecules  remained  as  precursor  molecules. 

It  is  well  known  that  C.  botulinum  is  divided  into 
two  groups  by  their  proteolytic  activity.  The  proteo- 
lytic group  was  formerly  named  C.  parabotulinum  and 
the  nonproteolytic  group  was  named  C.  botulinum. 
This  nomenclature,  however,  was  abandoned  and 
now  they  arc  called  C.  botulinum  types  A,  B,  C  (Cot 
and  C/J),  D,  E,  and  F,  according  to  the  antigenic 
difference  of  their  toxins.  All  type  A,  most  type  B 
and  a  few  of  type  F  strains  belong  to  the  proteolytic 
group  while  types  C,  D,  E  and  a  few  of  types  B  and 
F  strains  belong  to  the  nonproteolytic  group. 

The  present  study  was  carried  out  in  order  to 
investigate  the  process  of  toxin  production  with  all 
types  of  C.  botulinum.  Also,  the  changes  in  turbidity 
and  in  pH  of  the  culture  and  the  proteolytic  activity 
of  the  strains  were  examined. 
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Materials  and  Methods 

Strains. — The  following  strains  were  used  in  the 
present  study: 

Proteolytic  group:  C.  botulinum  type  A,  strain 
190;  type  B,  strain  Lamanna;  type  F,  strain 
Denmark. 

Nonproteolytic  group:  C.  botulinum  type  B, 
strain  QC;  type  C,  strains  468  and  Stockholm; 
type  D,  strain  1873;  type  E,  strains  VH  and 
Iwanai;  type  F,  strain  OSU. 
Culture  medium.— Thioglycollate  (TGC)  medium 
consisting  of  the  following  formula  was  employed. 

Yeast  extract,  5.0  g.;  casein  peptone,  15.0  g.; 
L-cystine,  0.5  g.;  sodium  chloride,  0.5  g.;  glucose,  5.5 
g.;  sodium  thioglycollate,  0.5  g.;  agar,  0.75  g.; 
rcsazurin,  0.001  g.  and  distilled  water,  1,000  ml.,  pH 
7.0±0.1. 

Cultivation.— Each  CI.  botulinum  strain  was  in- 
oculated into  60  ml.  of  TGC  medium  and  incubated 
at  30°  C.  Samples  of  10  ml.  each  were  removed 
immediately  and  at  the  intervals  of  1,  3,  5,  and  7 
days  after  the  inoculation.  These  samples  were  stored 
at  -20°  C.  until  use. 

pH  measurements.— The  pH  of  each  culture  was 
estimated  by  the  pH  meter  (Horiba  Co.). 

Turbidity. — The  turbidity  of  each  culture  was 
determined  by  the  photoelectric  colorimeter  (Klctt- 
Summerson  Co.)  using  a  filter  of  620-680  mju. 

Proteolytic  activity. — Each  sample  was  diluted  by 
serial  two-fold  dilutions  with  phosphate  buffer,  pH  7.0. 
An  equal  volume  of  10  percent  gelatin  solution  was 
added  to  each  tube,  kept  at  37°  C.  for  1  hour  and 
removed  to  4°  C.  to  examine  for  the  liquefaction  of 
gelatin.  The  highest  dilution  of  the  sample  which 
liquefied  gelatin  was  expressed  as  a  gelatin  unit  (GU). 

Trypsin  treatment. — Trypsin  (Difco  1 :250)  was 
dissolved  to  1  percent  in  M.  10  phosphate  buffer,  pH 
6.0.  Equal  volumes  of  each  sample  and  the  trypsin 
suspension  were  mixed  and  kept  at  37°  C.  for  2  hours. 
As  a  control,  each  sample  was  kept  at  37°  C.  for  2 
hours,  after  mixing  with  an  equal  volume  of  the  phos- 
phate buffer,  pH  6.0. 

Toxicity  test.— After  incubation  at  37°  C.  for  2 
hours  with  1  percent  trypsin  or  with  the  phosphate 
buffer,  each  sample  was  diluted  by  serial  tenfold  dilu- 
tions with  M/10  phosphate  buffer  of  pH  6.0  added 
with  0.2  percent  gelatin.  Each  dilution  was  injected 
intraperitoneally  in  the  amount  of  0.4  ml.  into  each 
of  five  mice,  weighing  15  to  25  gr.  The  LD~,o  value  of 
each  sample  was  calculated  by  Behrens-Karber's 
method. 

Results 

Turbidity. — The  changes  of  turbidity  of  culture 
fluids  observed  with  five  types  of  C.  botulinum  are  shown 
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Figure  1.— Turbidity  of  cultures. 

in  figure  1.  In  case  of  type  A  strain  190  and  type  B 
strain  Lamanna,  both  belonging  to  the  proteolytic 
group,  the  turbidity  of  the  culture  fluids  increased  at 
the  beginning,  then  decreased  rapidly.  A  similar  curve 
was  observed  with  type  F,  strain  Denmark. 

On  the  other  hand,  in  the  cases  of  types  C,  D  ,  and 
E  which  belong  to  the  nonproteolytic  group,  the  tur- 
bidity increased  from  the  beginning  without  the  subse- 
quent fall.  Similar  results  were  also  obtained  with 
type  B,  strain  QC  and  type  F,  strain  OSU.  Thus  a 
conspicuous  autolysis  was  observed  with  strains 
belonging  to  the  proteolytic  group  while  in  strains 
belonging  to  the  nonproteolytic  group,  this  phenom- 
enon was  not  observed. 

pH  during  cultivation. — The  changes  of  pH  of 
TGC  culture  fluids  inoculated  with  five  types  of  C.  botu- 
linum are  shown  in  figure  2.  An  obvious  difference  was 
observed  between  the  proteolytic  and  the  nonprote- 
olytic groups.  In  the  former  group,  the  pH  of  culture 
fluids  fell  at  the  beginning  but  then  rose  upward.  In 
the  latter  group,  however,  the  pH  fell  to  the  acid  side 
and  never  rose  again. 

Toxin  production.— C.  botulinum  type  A  strain 
190;  The  toxicity  of  the  culture  fluid  was  followed  at 
intervals  by  injecting  each  sample  into  mice  before 
and  after  the  trypsin  treatment.  As  indicated  in  figure 
3,  activation  by  trypsin  was  observed  to  some  extent 
at  the  beginning  of  the  cultivation,  but  thereafter, 
the  toxin  seemed  to  have  been  destroyed  by  trypsin. 
A  similar  phenomenon  was  observed  with  type  F 
strain  Denmark. 
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type  A,  strain  190. 


C.  botulinum  type  B,  strain  Lamanna:  Although  this 
strain  also  belongs  to  the  proteolytic  group,  activation 
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Figure  4.—C.  botulinum  type  B,  strain  Lamanna. 

by  trypsin  was  clearly  observed  even  at  the  end  of 
the  incubation  period.  As  indicated  in  figure  4,  more 
than  90  percent  of  toxin  remained  as  precursors  even 
at  the  seventh  day  of  incubation. 

C.  botulinum  type  C  strain  468:  Figure  5  shows  the 
results  obtained  with  this  nonproteolytic  strain.  As 
indicated  in  the  figure,  the  activation  of  toxin  by 
trypsin  was  hardly  observed.  A  similar  result  was 
obtained  with  type  C  strain  Stockholm. 

C.  botulinum  type  D  strain  1873:  As  is  evident  in 
figure  6,  no  activation  of  toxin  was  demonstrated  by 
trypsin  with  this  nonproteolytic  strain. 

C.  botulinum  type  E  strain  VH:  It  is  a  well  known  fact 
that  type  E  toxin  is  activated  by  trypsin  (5)  and  as 
indicated  in  figure  7,  the  toxicity  of  the  culture  fluid 
of  type  E,  strain  VH,  was  increased  by  trypsin  more 
than  a  hundredfold  through  the  course  of  the  incuba- 
tion. A  similar  phenomenon  was  observed  with  type 
E,  strain  Iwanai,  and  to  a  lesser  extent,  with  type  B, 
strain  QC  and  type  F,  strain  OSU,  both  nonprote- 
olytic. 


Discussion 

These  results  apparently  indicate  that  C.  botulinum 
can  be  classified  into  two  groups;  the  proteolytic  and 
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Figure  5.— C.  botu/mum  type  C,  strain  468. 


nonprotcolytic  gToups.  In  the  former  group,  the  tur- 
bidity of  culture  fluids  increases  at  the  beginning  of 
incubation,  then  decreases  rapidly;  the  pH  falls  to  the 
acid  side  and  then  approaches  to  the  neutral  point. 
In  the  latter  group,  on  the  contrary,  the  turbidity  does 
not  decrease  after  the  initial  increase  and  the  pH  docs 
not  rise  after  the  initial  fall.  This  seems  to  be  due  to 
the  fact  that  organisms  belonging  to  the  former  group 
show  a  considerable  proteolytic  activity  whereas  those 
belonging  to  the  latter  group  exhibit  a  conspicuous 
saccharolytic  activity. 

In  the  process  of  toxin  production,  however,  there 
is  a  marked  difference  between  type  A  strain  190  and 
type  B  strain  Lamatma,  both  belonging  to  the  pro- 
teolytic group.  In  the  case  of  type  A  strain  190  (and 
also  type  F  strain  Denmark),  the  activation  of  toxin 
by  trypsin  is  observed  only  at  the  early  period  of 
incubation,  which  suggests  the  rapid  activation  of 
toxin  by  some  enzymes  produced  by  the  organisms. 
For  example,  Bonvcntrc  and  Kempe  (/)  reported  that 
proteolytic  enzymes  elaborated  by  types  A  and  B 
activated  the  toxin  precursor  and  Inukai  (9)  also 
reported  that  type  A  toxin  was  activated  by  proteo- 
lytic enzymes  produced  by  the  same  organisms.  In 
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Figure  6.-C.  botulinum  type  D,  strain  1873. 


proteolytic  type  B,  strain  Lamanna,  however,  toxin 
in  the  culture  fluid  is  activated  by  trypsin  even  at  the 
later  period  of  incubation.  The  similar  phenomenon 
was  also  observed  by  Skulbcrg  (13)  and  by  Schmidt 
(12).  This  suggests  that  proteolytic  enzymes  produced 
by  the  organisms  do  not  always  exert  activating 
influences  upon  the  toxin  precursor. 

In  the  nonprotcolytic  group,  there  also  seem  to  be 
two  different  patterns  of  toxin  production.  In  case  of 
nonprotcolytic  organisms,  such  as  types  E  (strains  VH 
and  Iwanai),  B  (strain  QC)  and  F  (strain  OSU), 
activation  by  trypsin  is  clearly  demonstrated  whereas 
in  case  of  nonprotcolytic  organisms,  such  as  types  C 
(strains  468  and  Stockholm)  and  1)  (strain  1873), 
activation  by  trypsin  is  scarcely  observed  even  in  the 
early  period  of  incubation.  In  the  former,  toxin  mole- 
cules will  be  produced  as  precursors  of  low  toxicity  or 
prototoxins  and  then  activated  to  highly  toxic  mole- 
cules. A  considerable  amount  of  research  has  been 
published  on  the  activation  of  type  E  toxin  (2,  5,  6,  10, 
11).  As  for  nonprotcolytic  type  B,  Dolman  ct  al.  (4)  re- 
ported that  the  toxin  was  activated  by  trypsin  and 
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Figure  7.— C.  boru/»num  type  E  strain  VH. 


Holdcman  (7)  reported  on  the  activation  of  type  F 
(both  proteolytic  and  nonproteolytic)  toxin. 

Alternative  hypotheses  may  be  proposed  for  types 
C  and  D;  whether  toxin  molecules  are  produced  as 
highly  active  forms  or  some  enzymes  are  produced 
which  can  activate  toxin  precursors  immediately  after 
they  arc  produced.  In  the  latter  case,  these  enzymes 
should  not  be  proteolytic  ones. 

The  process  of  toxin  production  in  C.  botulinum 
seems  to  be  complicated  and  the  simple  scheme  that 


toxin  molecules  are  produced  as  precursors  or  proto- 
toxins  and  then  activated  by  proteolytic  enzymes 
produced  by  the  organisms  seems  to  be  not  always 
applicable  to  all  types  of  C.  botulinum. 
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Summary 

The  precursor  of  Clostridium  botulinum  type  E  toxin, 
which  can  be  extracted  from  the  bacterial  cells  as  a 
ribonucleoprotein,  has  been  purified  by  percolation 
through  a  column  of  CM-Sephadex,  followed  by 
digestion  with  RNasc,  rcchromatography  on  CM- 
Sephadex  and  finally  gel  filtration  on  Sephadcx 
G-200.  The  highly  purified  materials  contained  a 
toxicity  of  1  to  8  x  105LDso/mg.  N,  which  was 
increased  to  5  to  10  x  107  LD^o/mg.  N  by  tryptic 
activation.  The  materials  behaved  as  homogeneous 
protein  in  ultracentrifugation,  electrophoresis  and 
chromatography  at  pH  below  6  with  an  Sjcw  of  ap- 
proximately 11.5. 

Electrophoresis  at  pH  above  7  and  agar-gel-dif- 
fusion  tests,  however,  demonstrated  two  distinct 
components.  The  materials,  whedier  unactivated  or 
activated,  were  demonstrated  to  consist  of  toxigenic 
Ea  and  nontoxigenic  E0  components  with  the  same 
S20,w  of  7.3  The  antigenic  and  some  of  the  other 
properties  of  either  component  of  the  precursor  were 
identical  to  the  corresponding  component  of  the 
trypsin-activatcd  toxin. 

Introduction 

We  reported  a  marked  enhancement  of  the  toxicity 
of  C.  botulinum  typc-E  toxin  in  mixed  cultures,  seeded 
together  with  a  contaminant  strain  of  nontoxigenic 
anaerobic  bacteria,  orginating  from  an  incriminated 
"izushi"  (//).  Having  investigated  this  peculiar 
phenomenon  further,  we  concluded  that  type  E  toxin 
is  produced  in  the  form  of  virtually  nontoxic  precursor 
which  is  activated  by  a  proteinase  produced  by  the 
contaminant  strain  to  become  the  fully  active  toxin 
(12,  13).  Duff,  Wright  and  Yarinsky  (3)  substantiated 
our  finding  by  reporting  activation  of  type  E  toxin 
by  trypsin  in  a  similar  mode.  The  activation  appeared 
to  be  directly  associated  with  pathogenesis  of  type  E 
botulism  and  has  led  to  much  interest  from  medical, 
biological  and  chemical  viewpoints.  To  elucidate  the 
mechanisms  of  the  activation,  purification  of  the  typc- 
E  toxin  of  low  toxicity,  or  the  "precursor,"  was  the 


first  step  to  be  undertaken.  Although  the  materials 
purified  previously  (17)  appeared  to  be  homogeneous 
in  ultracentrifugation,  heterogeneity  was  demon- 
strated later  by  agar-gel  diffusion  and  disk  electro- 
phoresis. 

In  this  paper,  the  improved  procedures  for  purifica- 
tion (7)  and  the  molecular  dissociation  of  the 
precursor  (6)  and  also  of  the  trypsin-activated  type  E 
toxin  will  be  described. 


Materials  and  Methods 

Bacterial  strain. — A  spore  suspension  of  C.  botu- 
linum type  E  strain  35396  (5)  in  0.05  M  acetate  buffer, 
pH  5.0,  kept  at  —20°  C.  was  used  as  the  inoculum. 

Culture  medium. — The  medium  was  composed 
of  I  percent  glucose,  0.5  percent  yeast  extract,  2  per 
cent  peptone  and  0.025  percent  sodium  thioglycolate 
with  the  pH  adjusted  to  6.3.  About  3,000  viable  spores 
were  inoculated  into  every  5  liters  of  the  medium.  The 
inoculated  medium  was  incubated  at  30°  C.  for  4 
days. 

Determination  of  protein  content.— Protein  con- 
tent was  determined  by  the  method  of  Lowry  et 
al.  (8).  The  whole  culture,  culture  supernatant  and 
cell  suspension  were  extracted  with  cold  and  then  hot 
5  percent  trichloroacetic  acid.  The  residual  precipitate 
was  determined  for  protein  content. 

Determination  of  RNA  content.— RNA  content 
was  determined  by  the  method  of  Mcjbaum  (9)  on 
the  cold  trichloroacetic  acid  precipitate.  Yeast  RNA 
was  used  as  die  standard. 

Tryptic  activation  of  the  precursor. — Crystalline 
trypsin  was  added  to  a  sample  solution  of  pH  6.0  to  a 
concentration  of  100  or  200  /ig./ml.  regardless  of  the 
substrate  concentration.  The  mixture  was  incubated 
at  37°  C.  for  30  minutes.  The  toxicity  resulting  from 
the  tryptic  activation  will  be  referred  to  as  "potential 
toxicity." 

Determination  of  toxin  potency. — A  sample  was 
diluted  twofold  serially  in  0.05  M  phosphate  buffer, 
pH  6.0,  containing  gelatin  at  0.2  percent  and 
inerthiolate  at  0.0 1  percent.  Each  dilution  was  injected 
intrapcritoneally  into  at  least  four  mice  at  a  dose  of 
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0.5  ml.  to  calculate  LDS0  by  the  method  of  Reed  and 
Muench  (10). 

The  toxin  potency  after  tryptic  activation  was 
determined  also  by  intravenous  injection  into  mice 
and  measuring  the  time,  in  minutes,  from  injection  to 
death  (/).  This  method  will  be  reported  in  a  separate 
paper. 

Agar-gel-double-diffusion  teat. — On  a  glass  plate 
of  5  x  5  cm.,  about  4  ml.  of  1  percent  agar  gel  in  0.05 
M  acetate  buffer,  pH  6.0,  was  spread.  Wells  of  2 
mm.  in  diameter  were  cut  at  a  distance  of  7  mm. 
between  every  two  wells.  Horse  immune  sera  prepared 
against  crude  preparations  of  precursor  or  activated 
toxin  were  used  with  or  without  dilution.  The  agar 
plates  were  incubated  at  4°  C.  for  2  days. 

Results 


of  the  precursor.— Botulinum  toxins 
are  generally  denned  as  true  exotoxins,  but  often 
more  of  type  E  toxin  is  associated  with  the  bacterial 
cells  than  with  the  supernatant.  When  type  E  orga- 
nisms were  grown  in  the  medium  with  an  initial  pH  of 
6.3,  the  pH  dropped  to  about  4.8  and  80  percent  or 
more  of  the  precursor  was  recovered  from  the  centri- 
fugal precipitate.  The  precipitate  was  washed  with 
0.05  M  acetate  buffer,  pH  5.0,  and  used  for  the 
starting  material  for  isolation  of  the  precursor.  The 
precursor  was  extracted  with  0.2  M  phosphate  buffer, 
pH  6.0,  which  had  been  shown  to  extract  the  highest 
specific  toxicity  among  the  phosphate  buffers  of  dif- 
ferent pH  values  and  molal  concentrations.  The 
suspension  was  incubated  at  37°  C.  for  2  hours  and 
then  centrifuged.  The  extraction  was  repeated  twice. 
It  was  found  that  the  incubation  of  37°  C.  was  not 
essential,  but  the  precursor  was  extracted  almost  in- 
stantaneously even  at  0°  C.  The  precursor  thus  ex- 
tracted was  precipitated  at  half  saturation  of  ammo- 
nium sulfate. 

The  precursor  at  this  stage  was  an  RXA-protein 
complex  (14).  The  digestion  of  the  precursor  with 
RNase  removed  the  RNA  nearly  completely  and 
yet  the  toxicity  remained  unchanged.  The  undigested 
precursor  did  not  absorb  onto  a  column  of  CM-ccllu- 
lose  or  CM-Sephadex  equilibrated  to  pH  6,  whereas 
the  RNase-digested  precursor  did  absorb  (15).  We 
found  it  advantageous  to  subject  the  undigested  pre- 
cursor to  chromatography  on  CM-Sephadex  in  order 
to  remove  a  protein  fraction  absorbed  onto  the  col- 
umn, which  was  eluted  at  an  NaCl  concentration 
of  approximately  0.075  M.  This  protein  fraction  re- 
presented an  antigenic  protein  having  a  molecular 
size  similar  to  the  precursor  and  would  require  much 
effort  to  eliminate  by  other  methods  (fig.  1,  top). 

The  percolate  fractions  containing  most  activity  of 
the  precursor  were  digested  with  RNase  and  then 
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Figure  1.— Chromatography  of  "cell  extract"  (730 
(top)  and  "RNase  digest"  (530  mg.)  (bottom)  on 

Sephadex  (1  x  10.5  cm.).  •  protein  content; 

O  O,  potential  toxicity;  O  O,  NaCL  con- 
con 


subjected  to  chromatography  again  under  similar 
conditions  (fig.  1,  bottom).  The  precursor  was 
absorbed  onto  the  column,  which  was  eluted  at  an 
XaCl  concentration  of  approximately  0.07  M.  With- 
out the  first  CM-Sephadex  chromatography,  the 
precursor  and  the  nontoxigenic  protein  would  have 
overlapped. 

When  subjected  to  gel  filtration  on  a  column  of 
Sephadex  G— 200,  the  precursor  was  eluted  at  the 
front,  but  later  than  Blue  Dextran  2,000  (MW  = 
2,000,000),  as  shown  in  figure  2.  The  s  >ecific  potential 
toxicities  were  on  the  same  level  throughout  the  peak. 
Small  molecular-sized  substances  originating  from  the 
bacterial  cells  were  separated  in  the  trailing  fractions. 

Through  the  procedures  shown  in  figure  3,  namely 
extraction  of  the  bacterial  cells,  chromatography  on 
CM-Sephadex,  RNase-digestion  of  the  percolate,  re- 
chromatography  of  the  RXase-digested  precursor  on 
CM-Sephadex  under  similar  conditions,  and  finally 
gel  filtration  on  Sephadex  G— 200,  a  highly  purified 
precursor  material  was  obtained  (table  1).  An  overall 
purification  of  about  sixtyfold  was  accomplished  from 
the  washed  cells  as  the  starting  material. 

To  obtain  the  trypsin-activated  toxin  in  the  pure 
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Table  1.— Purification  of  the  precursor  of  Clostridium  botutinum  type  E  toxin  from  120-1  culture 


LD»  (x  10-5)  LDM/mg.  N(x  10'1)1 


Protein 

RNA 

RNA 

Acti- 

content 

content 

Before  acti- 

After acti- 

Before acti- 

After acti- 

vation 

Step 

(milligrams) 

(milligrams) 

Protein 

vation 

vation 

vation 

vation 

ratio2 

1 

Whole  culture  

42,000(  111) 

17,300(199) 

0.4 

220(79) 

61,000(122) 

3.3(0.7) 

910(1.1) 

280 

Washed  cells.  

37,900(100) 

8,680(100) 

2 

280(  100) 

50,000(100) 

4.6(1.0) 

830(1.0) 

180 

■2 

Cell  extract.  

3,890(10.3) 

2,270(26) 

.i. 

76(27) 

31,000(62) 

12(2.6) 

5,000(6.0) 

410 

3 

CM-I  percolate  

2,550(6.7) 

2,270(26) 

:j 

110(39) 

37,000(74) 

27(5.9) 

9,100(11) 

340 

4 

RNasc  digest  

1,800(4.7) 

(3) 

(3) 

90(32) 

38,000(76) 

31(6.7) 

13,000(16) 

420 

5 

CM-2  adsorbate  

341(0.9) 

(3) 

(3) 

82(29) 

30,000(60) 

150<33) 

55,000(66) 

370 

6 

G-200  filtrate  

221(0.6) 

(3) 

(3) 

32(11) 

17,000(34) 

91(20) 

48,000(58) 

530 

'LDto/rag.  N  protein  x  6.25.  Notb. — The  figure*  In  parentheses  arc  the  relative  values  when  the  values 

»LD«o  after  activation  per  LD»o  before  activation.  for  the  washed  cells  are  taken  as  100  or  1.0. 

'Not  determined. 
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Figure  2.— Gel  filtration  of  precursor  (40  mg.)  on  Sephadex 
G-200  (2.5  x  91  cm.)  with  0.02  M  acetate  buffer,  pH  6.0,  as 

 #,  protein  content;  O  Or  P°- 

toxicity;  #  9,  elution  pattern  of  Blue  Dex- 

i  2,000;d,  potential  toxicity  per  milligram  N. 


form,  the  precursor  was  activated  with  trypsin  and 
passed  through  a  column  of  Sephadex  G-200.  The 
toxin  was  eluted  at  the  same  position  as  the  precursor; 
the  trypsin  and  its  degraded  products  were  retarded 
on  the  column  (17). 

Examinations  for  the  purity. — The  purified  pre- 
cursor materials  contained  a  toxity  of  1  to  8  x  105 
LDso/mg.  N,  which  was  increased  to  5  to  10  x  107 
LDeo/mg.  N  when  treated  with  trypsin.  This  was  an 
increase  of  about  200  to  500  times  in  toxicity.  In 
rechromatography  on  CM-Sephadex  under  the  same 
conditions  as  before,  except  for  a  much  more  gradual 
gradient  increase  in  NaCl  concentration  in  the  eluant, 
the  precursor  was  eluted  in  a  single  and  symmetric 
peak  with  specific  potential  toxicities  on  the  same 
level  throughout  the  peak.  In  ultraccntrifugal  analysis, 
a  single  symmetrical  boundary  with  an  S2o,w  °f  11-6 
(11.1  to  12.3)  was  obtained  with  both  the  precursor 
and  the  trypsin-activated  toxin  in  buffers  of  pH  4.5 
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Figure  3.— Procedures  for  purification  of  the  precursor  of 
C.  botulinum  type  E  toxin. 


or  PI  I  6.0.  In  disk  electrophoresis  in  polyacrylamide 
gel  at  pH  4,  the  material  gave  a  single  band. 

Although  the  material  appeared  to  be  homogeneous 
at  pll  6  or  below,  it  gave  two  distinct  precipitation 
lines  at  any  dilution  of  the  antigen  in  agar-gel-dif- 
fusion  test  with  anti-crude  precursor  horse  immune 
scrum  (fig.  4). 
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Figure  4.  —  Agar-gel-diffusion  tests  with  the  purified  mate- 
rial. (AT),  antiprecursor  containing  an  antitoxin  titer  of  970 
IU  ml;  (1)  1.8  mg./ml.,  (2)  0.9  mg./ml.,  (3)  0.45  mg./ ml., 
(4)  0.23  mg./ml.,  (5)  0.11  mg./ml.  and  (6)  0.056  mg./ml. 


Dissociation  of  the  precursor. ^Possible  dissocia- 
tion of  the  11. 5S  precursor  was  suggested,  not  only 
by  the  two  precipitation  lines  but,  definitely  by  the 
electrophoreses  on  cellulose  acetate  membranes  with 
buffers  of  different  pH  values.  As  shown  in  figure  5, 
at  pH  6,  a  single  protein  band  was  demonstrated; 
while  at  pH  7  and  8,  two  bands  were  demonstrated. 
The  ratio  in  color  density  of  the  two  bands  was  close  to 
1:1  at  pH  8;  while  at  pH  7,  the  color  density  of  one 
band  was  greater  than  the  other. 

When  the  material  was  centrifuged  in  sucrose- 
density  gradient  in  buffers  of  pH  6,  7,  or  8,  it  was 
found  that  the  higher  the  pH,  the  lesser  the  extent  of 


pH  6  0  || 

PH7.0  f 

pH8.0  ijj 

Figure  5.— Electrophoreses  of  the  purified  material  on  cel- 
lulose acetate  membrane  at  pH  6,  7,  or  8. 


sedimentation  of  the  material  (fig.  6).  By  comparing 
with  the  sedimentation  of  a  preparation  of  7S  serum 
globulin  and  3.5S  egg  albumin,  the  S  value  of  the 
precursor  at  pH  8  was  estimated  to  be  about  7.  The 
sedimentation  pattern  at  pH  9  was  essentially  the 
same  as  that  at  pH8.  The  sedimentation  patterns 
with  the  trypsin-acdvatcd  material  were  cxacdy  the 
same  as  those  with  the  precursor. 

The  precursor  sedimented  in  a  single  boundary 
with  an  S2o,w  of  12.3  in  0.05M  acetate  buffer,  pH 
6.0;  in  two  boundaries,  the  major  one  with  an  S^Ojw 
of  10.3  and  the  minor  one  of  6.9  in  0.05  M  phosphate 
buffer,  pH  7.0;  in  a  single  boundary  with  an  S20,w  of 
7.3  in  0.05  M  vernoal  buffer,  pH  8.0  (fig.  7a,  b,  c, 
respectively).  The  11. 5S  precursor  and  the  activated 
toxin  dissociate  into  7S  components  at  pi  I  8  or  above. 
A  change  in  the  molecular  shape  must  precede  the 
dissociation  as  indicated  by  an  appreciable  reduction 
in  the  S2o,w  from  1 1.5  to  10.3  at  pH  7. 

Two  protein  peaks  were  separated  in  starch  electro- 
phoreses at  pH  8.0  (fig.  8).  The  one  migrating  toward 
the  anode  was  activated  by  trypsin;  while  the  other 
migrating  toward  the  cathode  was  nontoxic.  The 
potentially  toxic  component  was  named  Ea  and  the 
other  potentially  nontoxic  one  E/8.  Both  components 
comprised  about  50  percent  of  the  original  material 
and  were  shown  to  be  the  7S  components.  The 
activated  material  was  also  separated  into  the  toxic 
7S  and  the  nontoxic  7S  components  in  the  same 
proportion.  The  specific  apparent  or  potential  toxicity 
of  the  Ea  component  separated  by  starch  electro- 
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Figure  6.— Separation  of  the  purified  material  (400  ug.)  in 
sucrose-density  gradient  of  5  to  20  percent  at  pH  6,  7,  or  8. 
Centrifugation,  at  39,000  r.p.m.  for  7  hours  at  5°C.  in  an 
SW  39  rotor  in  a  Beckman  ultracentrifuge  model  L2;  frac- 
tionation, 12  drops  per  tube.   ,  protein  content; 


-,  potential  toxicity. 
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Figure  7.— Sedimentation  of  the  purified  precursor.  (1)  in 
0.05  M  acetate  buffer,  pH  6.0,  (2)  in  0.05  M  phosphate 
buffer,  pH  7.0,  and  (3)  in  0.05  M  veronal  buffer,  pH  8.0. 
Revolution  at  56,100  r.p.m.  and  20  C.  Time  after  reaching 
the  highest  speed,  24  minutes. 
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Figure  8.— Starch  electrophoresis  of  the  precursor  at  pH  8. 
Sample,  4  mg. ;  trough  size,  2  x  1.5  x  40  cm.;  buffer,  0.05  M 
veronal,  pH  8.0;  electrophoresis,  at  6  riA,  200  V  for  24 
hours  at  6  C;  extraction,  each  1-cm.  segment  with  1.0  ml.  of 
0.05  M  veronal  buffer,  pH  8.0. 

phoresis  was  on  the  same  level  as  the  starting  11. 5S 
materials. 

Agar-gcl-diffusion  tests  demonstrated  that  the 
precipitation  line  of  the  a  component  from  cither  the 
precursor  or  the  activated  toxin  and  the  one  nearer 
to  the  antigen  of  the  1 1.5S  precursor  or  the  activated 
toxin  fused;  the  precipitation  line  of  the  fi  component 
from  either  material  and  the  one  nearer  to  the  anti- 
body of  either  of  the  1 1 J5S  material  fused  equally 
(fig-  9). 


Discussion 

C.  botulinum  typc-E  toxin  is  available  in  the  form 
of  a  precursor,  which  is  mainly  associated  with  the 
bacterial  cells  when  grown  in  a  medium  of  pH  6.3. 
The  case  with  which  the  precursor  is  extracted  may 
be  an  indication  that  the  precursor  is  located  on  or 


Figure  9.— Agar-gel-diffusion  tests  with  the  12S  toxins  and 
Ea  and  E,--  components.  (A),  antiprecursor  (485  Ill/ml.), 
(1)  12S  precursor,  (2)  Ear  of  the  precursor,  (3)  Ea  of  the 
activated  toxin,  (4)  12S  activated  toxin,  (5)  E  :  of  the  pre- 
cursor, and  (6)  E  of  the  activated  toxin. 


near  the  surface  of  the  bacterial  cells.  The  precursor 
in  the  cell  extract  is  in  the  form  of  ribonucleoprotein. 
We  took  advantage  of  this  property  for  purification 
by  introducing  a  step  of  percolation  of  the  cell  extract 
through  CM-Sephadcx.  The  RNA-prccursor  complex 
was  not  adsorbed  onto  the  column;  while  some  non- 
toxic protein  possessing  a  molecular  size  similar  to 
the  precursor  was  adsorbed.  Thus,  we  succeeded 
in  eliminating  a  distinct  antigenic  fraction,  which 
was  difficult  to  eliminate  by  other  procedures.  The 
RNA-precursor  in  the  percolate  was  digested  with 
RNasc.  The  precursor,  free  from  RNA,  was  ad- 
sorbed under  the  same  conditions  onto  CM-Seph- 
adex,  which  was  eluted  at  the  XaCl  concentration 
similar  to  that  for  cluting  the  nontoxigenic  protein. 
Smaller  molecular-sized  substances  originating  from 
the  bacterial  cells  were  removed  by  gel  filtration  on 
Sephadex  G-200. 

The  material  purified  by  these  procedures  appeared 
to  be  physicochemically  homogeneous  at  pH  below  6 
with  an  S2o,w  of  about  11.5,  but  this  formed  two 
distinct  precipitation  lines  in  agar-gel-diffusion  tests. 

The  molecular  dissociation  of  the  1 1 .5S  precursor 
and  the  activated  toxin,  into  7S  components  at  pH 
above  8,  was  demonstrated.  Before  dissociation,  a 
change  in  the  molecular  shape  may  take  place,  by 
which  the  sedimentation  constant  is  reduced  appreci- 
ably, from  11.5  to  10.3  One  of  the  7S  components 
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was  cither  potentially  or  apparently  toxic;  while  the 
other  nontoxic.  Crystalline  type-A  toxin  has  also  been 
shown  to  consist  of  7S  toxic  and  the  13S  nontoxic 
components,  the  latter  being  associated  with  hemag- 
glutinin (19.  2).  It  is  interesting  that  the  active  com- 
ponents of  type  E  and  type  A  toxins  are  essentially  of 
the  same  molecular  size.  The  E0  component,  how- 
ever, contained  no  hemagglutinating  activity  against 
avian  or  mammalian  red  blood  cells. 

Thus,  type  E  11. 5S  toxin,  both  in  the  precursor 
and  the  activated  forms,  represents  a  complex  consist- 
ing of  one  molecule  of  Eo  and  one  molecule  of  E0.  It 
is,  however,  not  an  artifact  resulting  from  aggregation 
during  the  purification  as  suggested  by  Gerwing, 
Dolman,  and  Ko  (4).  In  such  natural  circumstances 
as  in  "izushi"  (16)  or  in  spent  cultures  (75),  botulinus 
toxin  of  type  E,  or  any  other  types,  is  present  in  the 
stable,  macromolecular  state. 

Trypsinization  of  the  1 1 .5S  precursor  at  pH  6  is 
not  associated  with  any  change  in  molecular  size, 
amino  acid  composition,  clcctrophorctic  pattern, 
antigenic  property,  or  in  any  other  physicochemical 
properties  so  far  examined.  From  these  and  some 
enzymological  indications,  the  hypothesis  was  ad- 
vanced that  tryptic  activation  may  not  involve 
breakage  of  any  peptide  bond  in  the  precursor  mole- 
cule (17).  The  main  obstacle  in  providing  direct  evi- 
dence for  this  hypothesis  was  the  large  molecular  size 
as  1 1 .5S  possessed  by  our  preparations.  The  isolation 
of  the  7S  precursor  encourages  us  a  great  deal  to 
provide  direct  proof  for  explaining  the  mechanism  of 
the  tryptic  activation. 
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Addendum 

After  presentation  of  this  paper,  some  important 
questions  concerning  nomenclature  of  toxic  and  non- 
toxic components  of  C.  bolulinum  type  E  toxin  were 
raised  by  Dr.  C.  Lamanna. 
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According  to  him,  the  true  toxin  should  be  such 
molecular  species  that  contain  the  highest  specific 
activities,  namely  "the  Ea  component"  in  this  case. 
The  other  dissociation  product  of  type  E  toxin  is  not 
toxic,  so  it  should  not  be  given  the  name  "E0", 
which  might  imply  toxicity.  Furthermore,  the  Greek 
alphabet  has  been  used  in  the  past  to  designate  similar 


toxins  with  different  immunological  specificities,  as  in 
the  case  of  Cat  and  C/J  toxins.  Therefore,  it  would  be 
confusing  if  the  names  "Ea"  and  "Ej8"  are  used  to 
differentiate  the  dissociation  products  of  type  E  toxin 
on  some  other  basis  than  specificity  in  toxin  neutrali- 
zation. These  questions  remain  and  should  be  re- 
solved. 
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STUDIES  ON  BOTULINUS  TOXIN 
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For  more  than  60  years,  bacterial  exotoxins  have 
attracted  the  interest  of  investigators  because  of  their 
extreme  toxicity  in  terms  of  amount  needed  to  pro- 
duce lethality.  In  more  recent  years,  their  ability  to 
produce  highly  specific  changes  in  the  nervous  system 
has  lead  to  their  reinvestigation  using  modern  methods 
in  the  hope  that  they  would  help  to  unravel  some  of 
the  problems  of  neurophysiology.  An  excellent  review 
that  I  would  recommend  to  all  interested  in  the  sub- 
ject is  that  of  Drs.  Lamanna  and  Carr  which  appeared 
in  "Clinical  Pharmacology  and  Therapeutics,"  vol. 
8.  This  discussion  will  be  devoted  to  Botulinum  toxin 
though  in  few  instances  we  will  contrast  data  from 
our  studies  on  tetanal  neurotoxin. 

As  to  the  toxin  itself,  six  immunologically  distinct 
varieties  have  been  labelled  A,  B,  C,  D,  E,  and  F. 
The  mechanism  of  poisoning  appears  the  same 
although  the  proteins  differ  in  several  respects.  At 
present,  purification  to  at  least  a  90  percent  level  is 
available  for  four  of  these  toxins  and  the  A  toxin  has 
been  crystallized.  The  toxin  itself  has  proved  to  be 
rather  difficult  to  work  with  in  chemical  terms  due  to 
its  tendency  to  dissociate  and  to  denature.  We  have 
found  that  conditions  of  agitation,  absorption  on  to 
glass  and  other  factors  must  be  carefully  controlled  if 
reproducible  results  arc  to  be  obtained.  Usually,  a 
gelatin  solution  in  phosphate  buffer  pH  6.2  to  6.8  or 
in  our  hands,  human  scrum  albumen,  is  used  to 
minimize  this  instability.  The  toxin  is  stable  for 
months  in  0.5  M  phosphate  buffer  or  0.1  M  .\aCl  at 
ph  7.2.  Early  attempts  to  purify  the  toxin  employed 
salting  out  methods  and  more  recently  DEAE  cellu- 
lose columns  have  been  used. 

A  major  problem  of  the  toxin  concerns  die  mini- 
mum toxic  unit.  The  crystalline  type  A  toxin  has  a 
molecular  weight  of  approximately  900,000  and 
behaves  as  a  homogeneous  preparation  in  some  systems 
but  not  in  others.  For  example,  it  sediments  as  a 
single  component  yet  it  tends  to  come  apart  in  clcc- 
trophoretic  measurements.  In  solubility  and  boundary 
spreading  tests  it  behaves  as  if  multiple  compon- 
ents were  present.  Furthermore,  there  are  no 
serological  quantitative  precipitin  reactions.  On  gel 
electrophoresis,  two  bands  were  seen  followed  by  a 
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smear  of  protein  staining  material  as  was  observed  on 
cellulose  acetate  electrophoretic  preparations.  In  the 
latter,  elution  of  protein  from  the  area  of  apparent 
low  concentration  showed  toxic  activity  throughout 
the  entire  length.  In  our  experiments  with  labelled 
and  unlabcllcd  crystalline  A  toxin  using  the  eclite 
column  method  we  obtained  two  precipitin  lines  in 
Ouchterlony  plates.  This  appeared  with  whole  or  in- 
tentionally dissociated  (oxin.  However,  the  plates  re- 
vealed that  the  immunologic  properties  were  the 
same.  Experiments  where  the  toxin  was  dissociated  in 
solutions  ranging  from  7  to  9.2  pH  and  ionic  strengths 
0.02  to  1  M,  yielded  two  principle  and  multiple 
secondary  components.  When  the  dissociated  fractions 
were  allowed  to  stand  for  a  period  of  time,  one  could 
then  repeat  the  electrophoretic  pattern  of  two  major 
bands  followed  bv  a  long  smear  of  secondary  material. 
This  suggests  to  us  that  the  toxin  exists  in  an  cqui- 
librim  mixture  of  greater  or  less  well  associated  toxic 
units  depending  upon  the  conditions.  Other  workers 
using  several  techniques  have  described  three  classes 
of  suhimil  sizes  ranging  from  150,000  to  as  little  as 
3,800.  This  latter  figure  seems  very  small  to  bear 
enough  amino  acid  residues  to  convey  toxicity.  It  has 
been  pointed  out,  that  an  unknown  quantity  of  a 
probably  separate  protein  with  hemo-agglutinin  pro|>- 
crties  is  associated  with  crystalline  toxin  but  this 
material  cannot  account  for  the  secondary  dissociation 
that  has  been  observed.  Lainanna  and  Carr  point  out 
that  on  a  milligram  nitrogen  basis,  the  smaller  units 
tend  to  be  less  toxic.  Indeed,  these  authors  raise  the 
question  whether  the  low  molecular  weight  fractions 
claimed  to  be  active  may  actually  be  contaminated 
by  larger  toxin  fragments  present  in  very  small 
amounts.  This  problem  is  acute  because  very  few 
molecules  are  needed  to  produce  toxicity. 

The  problem  of  dissociation  of  the  toxin  remains 
controversial.  A  reasonable  hypothesis  is  that  the 
900,000  weight  molecular  crystalline  toxin  contains 
both  hemagglutinin  and  neurotoxin  and  that  the. 
neurotoxic  protein  is  probably  made  up  of  subunits 
possibly  as  small  as  150,000  to  15,000  M\V. 

Amino  acid  analyses  of  the  various  toxins  have  been 
performed.  Type  A  for  example,  contains  19  amino 
acids  with  particularly  striking  quantities  of  aspartic, 
glutamic  and  tyrosine  residues.  However,  although 
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tyrosine  has  been  thought  significant  in  toxicity,  it  is 
absent  in  B  toxin. 

An  additional  controversial  issue  is  the  problem  of 
entry  of  the  toxin.  The  natural  route  of  intoxication 
is  oral,  yet  it  was  early  recognized  that  large  proteins 
are  not  normally  absorbed  through  the  intestine  in 
adult  animals  and  data  obtained  by  several  investiga- 
tors show  that  the  enzymes  in  gastric  and  intestinal 
contents  can  destroy  the  toxin.  The  whole  subject  has 
been  gready  confused  by  the  fact  that  different  in- 
vestigators have  used  various  animals  which  have 
varying  susceptibilities  to  the  toxin.  It  must  be  stressed 
that  the  few  molecules  necessary'  to  produce  toxicity 
may  enter  as  if  by  accident  in  that  the  number  which 
do  enter  are  very  small  compared  to  the  great  number 
of  molecules  which  are  not  absorbed  or  destroyed.  As 
far  as  the  animal  is  concerned,  absorption  of  a  few 
molecules  constituting  a  toxin  dose  is  sufficient. 

We  have  labeled  toxin  and  antitoxin  with  various 
fluorescent  and  electron  dense  labels.  In  studies  using 
fluorescein-labeled  botulinum  toxin  or  indirect  meth- 
ods in  which  fluorescein-labeled  botulinum  antitoxin 
were  used,  the  distribution  of  toxin  following  instilla- 
tion of  the  toxin  into  the  oropharynx,  stomach  and 
intestinal  areas  was  traced  in  frozen  sections  subse- 
quently examined  in  the  ultraviolet  microscope.  After 
small  amounts  of  toxin  were  placed  in  the  oropharynx, 
fluorescein-labeled  material  was  found  within  sub- 
mucosal lymphatics  whereas  after  gastric  instillation, 
toxin  could  not  be  found.  Again,  when  toxin  was 
placed  in  intestinal  loops,  fluorescein-labeled  material 
was  found  between  epithelial  cells  and  submucosal 
vessels,  probably  lymphatics.  We  also  observed  that 
attempts  to  instill  the  toxin  into  the  stomach  by  con- 
ventional gastric  intubation  produced  significant  re- 
gurgitation into  the  oropharynx.  In  additional 
experiments  in  which  minute  quantities  of  saline 
(0.2/il,)  containing  large  doses  of  toxin  (0.5  ng.)  were 
placed  directly  in  the  oropharynx,  the  survival  times 
observed  suggested  that  significant  absorption  oc- 
curred in  this  region.  For  example,  5  jig.  of  toxin  in 
an  0.5  ml.  drop  placed  on  the  tongue  proved  as  toxic 
as  50  /ig.  instilled  by  stomach  tube.  We  found  that 
we  could  place  large  amounts  of  toxin  in  small 
volumes  directly  into  the  stomach  without  producing 
lethality. 

The  extreme  toxicity  of  this  material  suggests  a 
possible  explanation.  A  remarkably  small  number  of 
molecules  is  sufficient  to  produce  paralysis  and  death 
in  large  animals.  Even  "accidental  leakage"  into 
oropharyngeal  epithelium  is  sufficient.  Part  of  the 
explanation  for  this  seems  to  be  the  highly  specific 
binding  of  botulinum  toxin  by  neuromuscular  junc- 
tions. Studies  using  ferritin-labclcd  botulinum  A  or  B 
toxin  showed  localization  within  the  subneural  ap- 
paratus of  the  neuromuscular  junctions.  When  fresh 


frozen  sections  of  tissues  from  intoxicated  mice  were 
stained  with  fluorescein-labeled  botulinum  antitoxin, 
the  only  site  of  toxin  binding  occurred  in  the  neuro- 
muscular junctions.  Unlike  tetanal  intoxication  in 
which  the  skeletal  muscle  and  central  nervous  system 
binds  toxin,  these  tissues  were  entirely  negative  under 
the  conditions  used.  These  observations  also  help  to 
explain  why  an  estimated  human  parenteral  lethal 
dose  is  approximately  equal  to  only  seven  mouse 
lethal  doses.  It  is  clear  that  the  toxicity  is  not  related 
to  the  mass  of  the  animal  but  probably  to  the  mass  of 
its  motor  endplates.  Since  most  muscles  contain  one 
neuromuscular  junction  per  myofiber  in  both  mice 
and  men,  the  greater  muscle  mass  of  man  is  largely 
due  to  greater  myofiber  size  than  number  of  myofibcrs, 
it  follows  that  the  ratio  of  human  endplates  to  mouse 
endplates  will  be  less  than  about  1  to  2  orders  of 
magnitude  than  the  ratio  of  their  body  weights.  In- 
stead of  a  ratio  of  3500: 1  (20  gm.  mouse  versus  70  kg. 
man)  the  factor  is  more  of  the  order  of  10  to  100.x. 
Estimated  in  this  way,  a  minimum  oral  dose  in  man 
would  be  about  5  x  10  11  to  5  x  10  s  gms.  If  only  0.01 
percent  is  absorbed,  a  dose  in  range  of  0.5  to  5.0 
pgm.  should  be  lethal,  a  figure  that  approximates  the 
one  cited  by  Lamanna  and  Carr.  Stated  in  another 
way,  mouse  motor  endplates  are  not  very  much 
smaller  than  human  neuromuscular  junctions;  but 
once  paralyzed,  human  neuromuscular  junctions  can 
paralyze  a  much  greater  volume  of  muscle  fibers. 
Explanation  for  the  variation  of  toxicity  between 
different  animal  species  and  the  ayes  of  the  individual 
animals  raise  several  additional  problems  which  t  an- 
not  be  discussed  for  lack  of  space. 

Originally,  it  was  thought  that  the  toxm  acted  on 
the  central  nervous  system  but  bv  1923  several  in- 
vestigators had  collected  evidence  pointing  to  a  peri- 
pheral site  of  action.  It  is  soon  recognized  that  the 
toxin  could  slow  the  heart  by  blocking  the  vagus 
nerve,  inhibit  salivary  secretion  by  inhibiting  the 
chorda  tympani  nerve  and  interfere  with  bladder 
contraction  and  pupillary  constriction.  However, 
muscle  contractility  and  nerve  conduction  wen 
unaffected.  As  we  have  seen,  this  localizes  the  site  of 
toxin  action  to  the  neuromuscular  junction  and  prc- 
and  post-ganglionic  synapses. 

Interest  in  the  central  nervous  system  has  now  been 
revived  in  some  work  by  .Simpson  ct  al.  who  have 
shown  electrical  changes  during  intoxication.  I  yler 
has  reported  that  II  reflexes  could  be  elicited  from  a 
patient  with  botulism  which  he  interpreted  as  evi- 
dence of  central  release  or  failure  of  inhibitory  control 
in  spinal  relex  arcs.  There  is  too  little  data  to  evaluate 
these  findings  at  present. 

It  seems  likely  that  the  toxm  prevents  the  release 
of  acetylcholine  (Ach).  When  isolated  neuromuscular 
preparations  are  stimulated  in  a  bath,  less  Ach  was 
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released  following  stimulation  of  intoxicated  muscle 
than  in  controls.  Some  investigators  have  claimed 
that  presynaptic  terminals  have  increased  Ach  con- 
tent. Possible  toxin  inhibition  of  choline  acetylase  of 
Ach-asc  has  been  disputed  by  several  investigators. 
Since  the  poisoned  muscle  still  responds  to  Ach  or 
electrical  stimuli  with  a  contraction,  the  mode  of  ac- 
tion of  the  toxin  is  unlike  curare  but  more  like  hemi- 
cholinium  which  blocks  the  synthesis  of  Ach.  With 
microclcctrode  studies,  poisoned  endplates  show  a 
gradual  reduction  of  MEPP's  which  may  also  be  con- 
sistent with  this  idea. 

As  we  have  said,  ferritin-labeled  toxin  is  found  in 
the  subneural  apparatus  and  indirect  labeling  with 
fluorescein-labeled  antitoxin  also  shows  binding  in 
the  subneural  apparatus  and  /or  terminal  axons. 

It  has  been  shown  that  the  toxin  remains  bound  to 
the  motor  endplates  for  long  periods  of  time.  How- 
ever, restoration  of  neuromuscular  function  can  be 
accelerated  by  reinnervation  of  the  muscle.  If  the 
motor  nerve  is  crushed,  allowed  to  degenerate  and 
then  regenerate,  it  will  reinnervate  the  muscle  and 
function  is  restored.  The  toxin  apparently  has  no 
effect  on  the  rate  of  reinnervation.  This  experiment 
emphasizes  that  the  toxin  acts  on  the  presynaptic 
element  in  view  of  the  fact  that  there  is  no  prolonged 
delay  in  reinnervation,  the  old  axons  probably  return 
to  the  old  subneural  apparatuses  rather  than  form 
new  endplates. 

If  it  is  accepted  that  the  muscle  is  flaccid  because 
of  lack  of  Ach  release  from  the  nerve  terminal,  several 
interesting  observations  raise  questions  about  the 
interrelationship  between  nerve  and  muscle  in  this 
region.  Several  investigators  have  shown  that  acutely 
intoxicated  muscle  shows  no  fine  structure  abnormal- 
ities in  the  neuromuscular  junction  although  one 
investigator  has  reported  chronic  changes  in  muscle 
similar  to  denervation  in  light  microscopic  studies. 
However,  in  our  hands,  working  with  mice  with 
chronic  intoxication  of  up  to  20  days,  we  have  not 
been  able  to  find  muscle  atrophy.  The  only  changes 
occurring  in  the  mitochondria  are  nonspecific.  It  is 
interesting  that  no  muscle  atrophy  occurs  in  chronic 
botulinus  intoxication  as  contrasted  with  the  situation 
of  crush  or  sectioning  of  the  nerve  where  atrophy  is 


a  prominent  consequence.  It  seems  that  what  we  may 
call  "chemical  denervation"  differs  from  actual  phy- 
sical denervation  where  degeneration  of  the  nerve 
occurs.  This  raises  questions  about  the  "trophic  activ- 
ity" of  the  nerve  with  respect  to  maintenance  of  the 
muscle.  It  has  also  been  shown  that  the  toxin  prevents 
the  normally  occurring  rejection  of  secondary  inner- 
vating nerve  fibers,  a  result  similar  to  that  observed 
when  the  cndplatc  area  is  isolated  from  the  remainder 
of  the  muscle. 

As  to  the  molecular  mode  of  action,  we  can  only 
speculate.  The  best  evidence  suggests  that  there  is 
block  of  release  of  Ach.  We  do  have  evidence  the 
toxin  lies  in  the  subneural  apparatus.  The  ferritin 
labeling  experiments  do  not  permit  assessment  of 
binding  to  synaptic  vesicles,  the  supposed  site  of  Ach 
release,  since  this  tracer  does  not  penetrate  cells.  It 
may  be  possible  to  use  the  new  horseradish  peroxidase 
labeling  technique  to  investigate  this  aspect  of  the 
problem. 

Other  data  of  interest  concerning  the  toxin  include 
the  lack  of  temperature  dependence  in  homothermic 
animals  such  as  occurs  with  tetanus  neurotoxin. 
Poikilothermic  animals  are  not  intoxicated  until  the 
temperature  is  raised  to  approximately  23°  C. 

We  have  also  observed  local  botulinism  in  mice 
similar  to  the  syndrome  of  tetanus.  Reversible 
paralysis  of  muscle  occurs  when  minute  quantities 
of  botulinum  toxin  are  injected  directly  into  the 
muscle. 

Another  interesting  observation  is  the  production 
of  deformed  chick  embryos  with  severe  muscle  atrophy 
and  contractures  by  means  of  injection  of  the  toxin 
into  embryonated  eggs.  It  is  not  clear  at  the  moment 
whether  this  is  a  specific  effect  or  results  only  as  a 
consequence  of  severe  muscle  weakness. 

Another  interesting  aspect  is  the  resistance  to  botu- 
linum A  intoxication  that  occurs  in  a  small  number 
(approximately  5  percent)  of  randomly  bred  Swiss 
white  mice.  This  appears  to  be  a  genetic  characteristic 
and  in  sotne  breeding  experiments  that  we  have  per- 
formed, we  were  able  to  distribute  the  gene  rather 
than  concentrate  it.  However,  this  observation  may 
lead  to  additional  studies  to  explain  the  basis  of 
natural  resistance. 
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Introduction 

Wc  have  previously  reported  that  specific  antitoxic, 
serum  has  a  considerable  therapeutic  value  in  human 
type  E  botulism  (2,  5).  This  led  us  to  the  further 
investigation  concerning  serum  therapy  of  type  E 
botulism  in  experimental  animals.  Of  several  con- 
clusions obtained  from  the  experiments  with  mice 
(6*),  the  following  have  been  of  particular  interest. 

When  toxin  is  injected  subcutaneously  and  antitoxin 
is  immediately  injected  subcutaneously,  the  ratio  of 
the  amount  of  toxin  to  that  of  antitoxin  required  to 
bring  about  50  percent  neutralization  is  roughly  1 : 1 . 
When  however,  toxin  is  given  orally  and  antitoxin 
subcutaneously,  the  quantitative  relationship  between 
toxin  and  antitoxin,  at  the  50  percent  neutralization, 
changes  remarkably;  thus  7.5  times  more  toxin  is 
required  and  about  1,300  times  more  antitoxin  is 
required  to  neutralize  it. 

In  order  to  ascertain  if  the  same  phenomenon 
occurs  in  another  species  of  experimental  animals,  a 
similar  experiment  was  carried  out  with  guinea  pigs. 

Materials  and  Methods 

Toxin.— C.  botulinum  type  E,  strain  Iwanai,  was 
used  for  the  preparation  of  toxin.  The  method  de- 
scribed by  Sakaguchi  and  Sakaguchi  (//)  for  the 
partial  purification  of  toxin  was  employed.  The  salient 
data  concerning  the  toxicity  of  the  toxin  preparation 


are  show  n  in  table  1.  In  consideration  of  the  practical 
conditions  of  human  botulism,  toxin  without  trypsin- 
treatment  was  used  for  the  oral  administration. 
Tiypsin-treated  toxin  was  used  for  the  subcutaneous 
injection. 

Antitoxin. — Type  E  antitoxic  horse  serum  used  in 
the  experiment  was  prepared  by  the  National  Insti- 
tute of  Health,  Tokyo,  containing  840  International 
Units  (IU)  of  antitoxin  per  milliliter. 

Results  and  Discussions 

As  is  indicated  in  table  1,  activation  of  toxin  by 
trypsin  was  clearly  demonstrated  by  the  subcutaneous 
route  but  not  by  the  oral  route,  both  in  mice  and 
guinea  pigs,  in  keeping  with  the  results  of  Duff, 
Wright,  and  Yarinsky  (3).  1'his  seems  to  suggest  that 
toxin  precursors  should  be  activated  in  the  alimentary 
tract  before  being  absorbed. 

Neutralization  tests  with  guinea  pigs  were  carried 
out  as  follows.  A  known  amount  of  toxin  was  injected 
under  the  skin  of  the  back  of  the  animals.  A  known 
dilution  of  antitoxin  was  then  immediately  injected 
subcutaneously  on  the  other  side  of  the  back  of  these 
animals.  As  shown  in  figure  1,  the  ratio  of  the  increase 
in  the  amount  of  antitoxin  to  that  of  toxin  is  roughly 
1 : 1 ,  resembling  die  results  obtained  with  mice. 

Then,  neutralization  tests  were  carried  out  with 
toxin  administered  per  of  and  antitoxin  injected 
immediately  subcutaneously.  As  clearly  shown  in 


Tabl«  l.-Toxicity  of  type  E  toxin 


Toxin  Oral  Subcutaneous  Intraperitoneal 


Toxicity  for  mice  (LDjo/N  mff.): 

Before  trypsin  treatment  

After  trypsin  treatment  

Activatcd/Unactivated  

Toxicity  for  guinea  pigs  (LDjj/N  mg. ): 

Before  trypsin  treatment  

After  trypsin  treatment  

Activatcd/Unactivated. ...  

Ratio  of  guinea  pig  LDjo  to  mouse  LDM: 

Before  trypsin  treatment  

After  trypsin  treatment   . . 


2.1  x  10' 
1.9  x  111--' 
0.91 

1.3  x  10- 
9.5  x  I0> 
0.71 

15.5 
20.3 


1.7  x  10' 

4.8  x  10» 

128 

4.3  x  10- 

2.4  x  104 

55 

86.2 
200 


1.3  x  10* 
2.5  x  10' 


1.0  x  10« 
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Figure  1.— Neutralization  of  toxin  injected  subcutaneously. 

figure  2,  the  amounts  of  antitoxin  required  to  neu- 
tralize increased  amounts  of  toxin  are  much  larger 
when  the  latter  arc  given  orally  than  when  given 
subcutaneously.  This  also  coincides  with  the  results 
obtained  with  mice. 

Figures  3  and  4  show  the  results  of  the  neutraliza- 
tion tests  with  mice  and  guinea  pigs  on  the  same 
graphs. 

What  is  the  reason  for  the  fact  that  a  considerably 
larger  amount  of  antitoxin  is  required  against  toxin 
given  orally  as  compared  with  toxin  given  subcutane- 
ously? It  was  conceived  that  if  the  amount  of  toxin 
given  orally  was  increased,  the  amount  of  toxin 
absorbed  from  the  alimentary  tract  into  the  blood 
stream  would  be  markedly  increased.  Therefore,  an 
experiment  was  devised  to  determine  the  amount  of 
toxin  absorbed  after  oral  administration  of  various 
doses  of  toxin. 

Rabbits  were  used  for  the  experiment  because  of 
the  facility  of  treatment.  The  rabbits  were  divided 
into  four  groups  and  each  of  four  different  dilutions 
of  toxin  was  given  once  into  the  stomach  of  the 
animals  of  each  group  through  a  vinyl  tube.  The 
animals  had  been  deprived  of  food  for  16  to  18  hours 
before  the  administration  of  toxin  and  were  fed  on 
clover  after  ihe  administration.  Samples  of  die  blood 
were  obtained  from  the  auricular  veins  at  intervals  of 
one  hour.  Heparin  was  added  to  the  blood  and  the 
plasma  obtained  was  diluted  and  injected  intraperi- 
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Figure  2.— Neutralization  of  toxin  given  orally. 

toneally  into  mice  in  order  to  estimate  the  amount  of 
toxin  per  milliliter  of  plasma. 

Group  I  was  given  eight  rabbit  per  os  LD5o  (144,000 
mouse  intraperitoneal  LD,-,0)  of  toxin.  The  results  are 
shown  in  Figure  5.  The  average  death  time  of  the 
four  rabbits  was  6.8  hours.  The  toxin  appeared  in  the 
blood  within  1  hour  after  the  administration  and 
reached  the  maximum  titer  after  4  hours.  The  maxi- 
mum toxin  titer  in  the  blood  was  approximately  2,000 
mouse  I.Dio/ml. 

Group  II  was  given  four  rabbit  per  os  LDso  of 
toxin.  As  shown  in  figure  6,  the  average  death  time 
of  the  four  rabbits  was  10.4  hours.  The  appearance  of 
the  toxin  in  the  blood  stream  was  slightly  delayed 
and  the  maximum  titer  was  128  mouse  LDso/ml. 

Group  III  was  given  two  rabbit  per  os  LD50  of 
toxin.  As  shown  in  figure  7,  the  average  death  time 
of  the  four  rabbits  was  1 1.9  hours.  The  toxin  appeared 
in  the  blood  2  hours  after  the  administration  and  the 
maximum  titer  as  approximately  64  mouse  LDso/ml. 

Group  IV  was  given  1  rabbit  per  os  LDjo  of  toxin. 
As  shown  in  figure  8,  only  two  out  of  five  rabbits 
died  and  the  remaining  three  survived.  In  the  former, 
toxin  was  definitely  demonstrated  in  the  blood,  while 
in  the  latter,  the  presence  of  toxin  was  barely  proved 
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by  the  symptoms  of  mice  receiving  the  blood  samples. 

It  was  obvious  from  these  results  that  the  more 
toxin  administered,  the  shorter  the  incubation  period 
and  the  death  time  of  the  animals. 

The  amount  of  toxin  in  the  blood  collected  im- 
mediately after  death  was  plotted  against  the  amount 
of  toxin  administered  per  os  and  the  curve  obtained 
indicated  a  straight  line  relationship  as  shown  in 
figure  9.  This  means  that  the  amounts  of  toxin  ab- 
sorbed from  the  alimentary  tract  markedly  increased 
when  the  amounts  of  toxin  administered  per  os  in- 
creased. A  considerably  large  amount  of  antitoxin 
would  be  required  to  neutralize  such  a  large  amount 
of  toxin  in  the  blood.  Thus,  the  results  obtained  by 
the  experiments  on  the  absorption  of  toxin  seem  to 
support  the  results  of  neutralization  tests  carried  out 
with  toxin  given  orally  and  antitoxin  given  subcutane- 
ously. 

Type  E  toxin  given  per  os  first  appeared  in  the 
lymphatic  system,  collected  in  Ductus  thoracic  us  and 
then  removed  into  the  blood  stream.  This  is  in  agree- 
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Figure  4.— Neutralization  of  toxin  given  orally. 

ment  with  the  early  work  by  May  and  Whaler  (9) 
with  type  A  toxin. 

The  molecular  size  of  the  toxin  in  the  blood  is  now 
under  study.  The  molecular  size  is  assumed  to  be 
more  than  100,000  as  estimated  by  ultracentrifuga- 
tion  and  gel-filtration  with  Scphadcx  G100  and  G200. 
(figs.  10  and  11). 

The  mechanism  of  the  absorption  of  toxin  molecules 
is  not  clear.  Recently  it  was  reported  that  some 
proteinases  are  absorbed  from  the  intestinal  canal  of 
rabbits  as  active  high-molecular  enzymes  {10).  This  is 
surmised  to  occur  through  pinocytosis  and  a  similar 
mechanism  might  be  postulated  in  the  absorption  of 
the  toxin.  An  alternative  view  is  that  the  toxin  might 
be  absorbed  as  smaller  units,  for  example  as  active 
peptides  described  by  Gerwing  et  al.  (4),  and  then 
become  larger  molecules  in  the  blood. 

One  of  the  most  interesting  findings  obtained  in 
the  present  experiments  is  that  unexpectedly  large 
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t  Figure  7.— The  amount  of  toxin  appearing  in  the  blood  after 

1     r        *~  ~*       ~~ »  oral  administration. 


Figure  5.— The  amount  of  toxin  appearing  in  the  blood  after 


Figure  6.— The  amount  of  toxin  appearing  in  the  blood  after       Figure  8.— The  amount  of  toxin  appearing  in  the  blood  after 
oral  administration.  oral  administration. 
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Figure  lO.-Gel-ffltratlon  of 


in  the  serum  at  pH  6.0. 


amount  of  toxin  was  absorbed  from  the  alimentary 
tract  into  the  blood  stream.  For  instance,  the  maxi- 
mum toxin  titer  in  the  blood  of  the  rabbits  belonging 
to  group  I  was  approximately  2,000  mouse  LD50/ml. 


Figure  11.— Gel-filtration  of  toxin  in  the  serum  at  pH  8.0. 

If  calculated  on  the  assumption  that  the  body  weight 
of  rabbits  was  3  kg.  and  the  amount  of  the  blood  was 
one-thirteenth  of  body  weight,  the  total  amount  of 
toxin  in  the  blood  amounts  to  470,000  mouse  LDso. 
This  means  that  the  toxin  administered  (144,000 
mouse  LD.™)  was  activated  in  vivo  and  a  considerable 
part  of  it  was  absorbed.  This  finding  is  quite  distinct 
from  the  results  of  previous  papers  on  type  A  toxin  (/, 
7,  9)  which  reported  that  an  extremely  small  quantity 
of  toxin  is  absorbed  from  the  alimentary  tract. 

One  of  the  reasons  for  this  discrepancy  might  be 
the  difference  in  the  stability  to  digestive  enzymes  of 
type  A  and  type  E  toxin  preparations.  Also  the 
genetic  line  of  experimental  animals,  the  kind  of  feeds 
used  (8)  and  the  time  of  feeding  (9)  will  all  be  related 
to  the  absorption  of  toxin  from  the  alimentary  tract. 
Further  studies  into  these  problems  arc  necessary. 
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EPIDEMIOLOGICAL  AND  CLINICAL  OBSERVATIONS 
OF  BOTULISM  OUTBREAKS  IN  JAPAN 
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Summary 

The  following  two  epidemiological  features  of 
botulism  in  Japan  are  mentioned  and  discussed: 

(1)  Almost  all  of  the  human  botulism  outbreaks  in 
Japan  have  been  of  type  E  and  this  seems  to 
be  due  to  the  fact  that  type  E  spores  are  dis- 
tributed widely  and  in  high  frequency  in  the 
soil  of  Tohoku  and  Hokkaido  districts,  two 
main  endemic  areas  of  botulism  in  Japan. 

(2)  Most  of  these  type  E  outbreaks  have  been 
caused  by  a  special  fermented  food  called  izu- 
shi.  The  reasons  seem  to  be  that  raw  fish  used 
in  izushi  are  often  contaminated  with  type  E 
spores  in  coastal  sand  and  river  side  mud,  that 
the  spores  easily  germinate,  multiply  and  pro- 
duce toxin  in  fish  as  the  degree  of  freshness 
of  fish  decreases,  and  that  izushi  thus  prepared 
is  consumed  without  cooking. 

The  clinical  symptoms  of  type  E  botulism  are  simi- 
lar to  those  of  types  A  and  B  except  that  excessive 
dryness  of  the  mouth,  due  to  the  dysfunction  of  sali- 
vary secretion,  and  retention  of  urine  have  been 
frcqucnUy  observed  in  type  E  cases. 

The  case  fatality  rate  of  type  E  botulism  in 
Hokkaido  has  decreased  from  28.5  to  4.3  percent 
since  specific  antitoxin  has  been  distributed  and  used. 

Epidemiology 

Two  outstanding  features  are  observed  in  die 
epidemiology  of  botulism  outbreaks  in  Japan  (4,  6", 
14);  one  is  that  most  of  them  have  been  of  type  K 


and  the  other  is  that  they  have  been  all  caused  by  a 
foodstuff  called  "izushi",  except  for  a  few  episodes. 

A  total  of  57  outbreaks  of  human  botulism  have 
been  reported  in  Japan  since  1951  when  the  authors 
reported  the  first  outbreak  in  Hokkaido  (13).  Except 
for  one  episode  due  to  type  B  (12)  and  a  few  unexam- 
ined outbreaks,  all  of  these  outbreaks  were  caused 
by  C.  botulinum  type  E.  The  number  of  cases  amounts 
to  321,  of  which  85  died  (table  1  and  fig.  1.). 


Figure  l.-Botullsrn  outbreaks  in  Japan  (1951-67). 


Table  1. -Botulism  outbreaks  in  Japan  (1951-67) 


Number  of 


Place 

outbreaks 

Persons  at  risk 

Cases 

Deaths 

Food  incriminated 

35 

483 

231 

43 

Izushi,  kirikomi,  trout  eggs. 

Akita  Prefecture    

13 

75 

60 

24 

Izushi. 

(i 

32 

19 

10 

Do. 

Iwate  Prefecture-   .  -  ... 

2 

U> 

H 

5 

Do. 

I 

3 

3 

Canned  mackerel. 

Total  

57 

609 

321 

U5 

Notes. — Morbidity  rate:— 52.7  per 

cent;— Mortality  rate:— 26.6  percent. 
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Foods  incriminated  in  the  majority  of  outbreaks 
were  izushi  made  of  raw  fish.  Izushi  is  a  kind  of 
fermented  food  preferably  prepared  by  the  fishermen 
living  in  Tohoku  and  Hokkaido  districts  of  Japan.  It 
is  usually  prepared  only  in  the  cold  winter  season, 
but  since  the  facilities  for  preserving  raw  fish  are 
lacking  in  small  fishing  villages,  izushi  often  is  the 
only  way  for  preserving  raw  fish  caught  in  great 
numbers  at  a  time.  From  the  data  on  the  past  out- 
breaks, it  is  evident  that  izushi  prepared  in  spring  or 
autumn  seasons  has  caused  botulism  most  frequently. 

Many  kinds  of  fish,  raw  or  frozen,  are  used  to 
prepare  izushi.  Most  often  used  arc  "hata-hata" 
(Arctoscopus  japonicus),  herring,  sole,  and  salmon,  but 
others  such  as  Lockington,  trout,  cod,  sardine,  mack- 
erel, "sanma"  {Cololabis  saira)  and  "yamabe"  (a  sort  of 
dace)  are  also  used  in  homemade  izushi.  Izushi  made 
of  these  kinds  of  fish  have  been  reported  to  have 
caused  human  type  E  botulism. 

The  method  for  preparing  izushi  is  as  follows  (14). 
Fish  have  their  heads  and  tails  chopped  off,  are  gutted 
and  made  into  patties  and  are  soaked  in  water  for 
several  days  at  room  temperature  to  remove  blood. 
Then  the  fish  patties  arc  packed  in  a  wooden  tub 
together  with  cooked  rice,  malted  rice  ("koji")  and 
various  vegetables  such  as  carrots,  garden  radishes, 
and  cabbages,  all  diced.  A  small  amount  of  vinegar 
and  salt  is  added,  red  pepper  being  often  used  as 
flavoring.  After  being  left  to  ferment  for  3  to  4  weeks, 
the  contents  are  ready  for  consumption. 

The  chief  reason  for  the  frequent  occurrence  of 
type  E  outbreaks  in  Japan  must  be  the  wide  distribu- 
tion of  this  type  as  spores  in  the  soil  of  Tohoku  and 
Hokkaido  districts.  In  Hokkaido,  particularly,  only 
type  E  spores  have  been  demonstrated  in  soil  samples 
through  several  surveys  in  the  past  15  years  (10,  15). 
In  the  Tohoku  district,  a  few  type  A  strains  were 
isolated  from  soil,  but  the  frequency  is  much  lower  as 
compared  with  type  E.  Therefore,  it  seems  to  be 
reasonable  to  postulate  that  the  high  frequency  of 
type  E  botulism  in  Japan  is  due  to  the  frequent 
distribution  of  C.  botulinum  type  E  in  the  soil. 

The  reasons  for  the  frequent  occurrence  of  type  E 
botulism  due  to  izushi  seem  to  be  as  follows.  Fish 
used  as  an  ingredient  of  izushi  will  have  many  chances 
of  being  contaminated  with  type  E  spores.  This  view 
is  sustained  by  the  results  of  several  surveys  on  the 
coastal  and  inland  soil  samples  in  Hokkaido,  which 
always  have  shown  the  high  frequency  of  type  E. 
Fish  seem  to  be  contaminated  with  type  E  spores 
both  before  and  after  the  death. 

C.  botulinum  type  E  spores  readily  germinate,  prolif- 
erate and  produce  toxin  in  fish  flesh  as  the  degree  of 
freshness  of  fish  decreases.  In  general,  the  redox 
potential  is  high  in  fresh  fish,  which  prevents  type  E 
spores  from  germinating.  As  the  degree  of  freshness 


falls,  however,  the  redox  potential  also  decreases  by 
the  autolysis  of  fish  flesh  and  by  the  proliferation  of 
various  micro-organisms  indigenous  to  them,  which 
enables  type  E  spores  to  germinate  and  the  organisms 
to  proliferate.  It  is  well  known  that  type  E  spores 
injected  into  fish  can  germinate,  multiply  and  produce 
toxin  in  2  or  3  days  at  room  temperature  (3,  5).  It  has 
also  been  reported  by  us  (1)  that  a  remarkable  de- 
crease in  rcdox-potcntial  is  observed  in  fish  flesh  at 
the  early  period  of  putrefaction.  Therefore,  it  is 
reasonable  to  presume  that  the  decrease  of  the  redox- 
potential  in  fish  during  the  "soaking"  period  will 
bring  about  the  germination,  proliferation  and  toxin 
production  of  type  E  spores.  This  process  may  also 
take  place  during  the  fermentation  period,  but  as  the 
pH  of  fish  falls  due  to  the  fermentation  of  malted 
rice,  the  outgrowth  of  type  E  organisms  will  be 
inhibited  to  some  extent. 

The  chief  reason  why  sliced  raw  fish  ("sashimi"), 
which  is  very  often  eaten  by  the  Japanese  people,  has 
not  yet  caused  botulism  seems  to  be  the  extremely 
high  degree  of  freshness  of  the  fish  used. 

The  fact  that  izushi  is  usually  consumed  without 
cooking  also  seems  to  make  this  food  the  commonest 
vehicle  of  botulism.  As  the  toxin  of  C.  botulinum  is  a 
protein  which  is  easily  destroyed  by  heating  at  70°  to 
80°  C.  for  several  minutes,  foods  which  are  heated 
and  cooked  before  consumption  cannot  cause  botu- 
lism. As  the  heat-resistance  of  type  E  spores  is  much 
lower  as  compared  with  that  of  types  A  and  B  spores 
(9),  type  E  outbreaks  due  to  canned  foods  have  been 
relatively  rare. 

Clinical  Observations 

The  clinical  features  of  type  E  botulism  encountered 
in  Hokkaido  are  summarized  as  follows  (6",  14). 

After  the  incubation  period,  between  several  hours 
to  a  few  days,  almost  all  of  the  patients  complained 
of  dizziness,  malaise,  nausea,  and  vomiting.  Then  the 
characteristic  neurological  symptoms  appeared.  These 
consisted  of  ocular  symptoms  such  as  blurring  of 
vision,  diplopia,  ptosis,  mydriasis  and  loss  or  tardiness 
of  reflex  to  light;  pharyngeal  symptoms,  such  as  diffi- 
culties in  swallowing  and  speaking;  gastro-intestinal 
symptoms  such  as  constipation  and  expansion  of  the 
abdomen.  In  serious  cases,  paralysis  of  the  limbs  and 
dyspnea  due  to  paralysis  of  the  respiratory  muscles 
appeared. 

The  symptoms  characteristic  of  type  E  outbreaks 
arc  extreme  dryness  of  the  mouth  due  to  the  dysfunc- 
tion of  salivary  secretion  and  retention  of  urine.  These 
symptoms  have  not  been  reported  as  frequently  in 
types  A  and  B  human  botulism. 

The  above  described  signs  and  symptoms  of  type  E 
botulism  encountered  in  Hokkaido,  Japan,  are  in 
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Tabic  2.-Effact  of  type  E  antitoxin  therapy  (Hokkaido, 


Antitoxin 

Number  of 
outbreaks 

Persons  at  risk 

Cases 

Deaths 

Morbidity  rate 
(percent) 

Mortality  rate 
(percent) 

Used...  

20 
15 

2m 

201 

137 
04 

39 
'4 

48.5 
46.8 

28.5 
4.3 

35 

483 

231 

43 

47.8 

18.7 

accord  with  those  of  type  E  episodes  recently  reported 
in  the  United  States  (//). 

In  Hokkaido,  a  case  was  operated  upon  due  to  a 
misdiagnosis  of  ileus  because  of  the  expansion  of  the 
abdomen.  A  case  was  complicated  by  a  parotitis  re- 
sulting from  disturbances  of  salivation,  accompanied 
by  a  retropharyngeal  abscess  and  this  patient  died 
about  a  month  after  the  onset  of  his  illness. 

As  for  the  therapeutic  value  of  specific  antitoxin, 
we  have  observed  a  considerable  effect,  at  least  in 
type  E  botulism  (7,  8).  Table  2  shows  the  remarkable 
efficacy  of  antitoxin  therapy  in  type  E  outbreaks  in 
Hokkaido.  The  case  fatality  rate  was  only  4.3  per- 
cent in  94  patients  receiving  antitoxin  in  15  recent 
outbreaks,  compared  with  a  rate  of  28.5  percent  in 
137  untreated  cases  in  20  previous  outbreaks.  More- 
over, of  four  deaths  in  the  treated  series,  two  occurred 
before  antitoxin  was  administered. 

The  therapeutic  value  of  specific  antitoxin  in  type 
E  botulism  has  been  reported  not  only  in  Japan  but 
also  in  Canada  (4)  and  the  United  States  {11).  The 
results  of  the  experimental  studies  on  this  problem  is 
presented  in  another  report.  Recently,  guanidine,  an 
accelerator  of  the  release  of  acetylcholine  from  the 
nerve  endings,  was  reported  to  have  been  effective  in 
treating  a  case  of  botulism  (2),  so  the  combination  of 
guanidine  and  specific  antitoxin  will  be  of  great  value 
in  the  treatment  of  the  disease. 
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Summary 

From  1899  to  1967,  640  outbreaks  (1,669  cases)  of 
botulism  were  reported  in  the  United  States  with  948 
deaths.  In  cases  where  the  toxin  type  was  identified, 
type  A  was  most  common,  followed  by  types  B,  E, 
mixed  types  A  and  B,  and  F.  Home  processed  vege- 
tables were  most  commonly  incriminated.  Out  of  53 
suspected  outbreaks  of  botulism  investigated  by  the 
NCDC  from  1964  to  1967,  only  18  were  found  to  be 
botulism.  Reported  signs  and  symptoms  from  145 
cases  of  botulism  were  reviewed,  revealing  that  intes- 
tinal symptoms,  dizziness,  and  vertigo  are  more  com- 
mon in  types  E  and  B  botulism  than  in  other  types. 
Other  signs  and  symptoms  were  equally  common  to 
all  types.  Gastrointestinal  symptoms  and  signs  in 
botulism  may  mislead  clinicians  to  other  diagnoses. 

Introduction 

Interest  in  botulism  and  the  causative  organism 
was  greatly  stimulated  in  1963  when  four  outbreaks 
in  humans  were  traced  to  commercially  processed 
foodstuffs  (#).  This  was  the  first  year  since  1924  that 
commercially  prepared  foods  were  responsible  for 
more  cases  of  botulism  in  the  United  States  Uian 
foods  processed  in  the  home  (7).  Since  1963,  the 
volume  of  research  on  problems  related  to  botulism 
has  vastly  increased  particularly  in  relation  to  Clos- 
tridium botulinum  type  E  (4,  5).  Interest  was  further 
stimulated  in  1966  when  an  outbreak  of  type  F  botu- 
lism occurred  in  California,  the  second  recorded  out- 
break of  this  type  in  the  world  {1,  2).  This  report 
reviews  the  reported  outbreaks  of  botulism  in  the 
United  States  from  1899  through  1967  and  discusses 
current  concepts  in  diagnosis  and  treatment. 

The  statistical  information  from  1899  to  1949  was 
derived  from  the  excellent  review  by  Meyer  and 
Eddie  (7).  Data  after  1950  were  based  on  outbreaks 
reported  to  the  National  Communicable  Disease 
Center  (NCDC),  Adanta,  Ga.,  and  recently  sum- 
marized by  Armstrong  and  Gangarosa  (9).  In  recent 
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years,  Epidemic  Intelligence  Service  Officers  of  the 
Epidemiology  Program,  NCDC,  participated  in  the 
investigation  of  a  number  of  outbreaks,  and  laboratory 
support  was  provided  when  needed  by  the  Anaerobic 
Bacteriology  laboratory,  Laboratory  Program, 
NCDC.  Methods  employed  for  the  detection  of  botu- 
linum toxins  and  C.  botulinum  are  described  in  detail 
in  the  U.S.  Public  Health  Service  publication,  Lab- 
oratory Methods  in  Anaerobic  Bacteriology  (3). 

Epidemiology 

Figure  1  lists  outbreaks  by  State.  From  1899  to 
1967,  640  outbreaks  were  reported  resulting  in 
1,669  cases  and  948  deaths,  an  overall  case  fatality 
rate  of  56.9  percent.  There  were  463  cases  of  type 
A,  121  cases  of  type  B,  57  cases  of  type  E  (34  occurring 
after  1960),  three  cases  of  type  F,  six  cases  involving 
both  type  A  and  type  B  toxins  and  1,019  cases  (57 
percent  of  the  total  number)  in  which  the  toxin  type 
was  not  determined  (table  1). 

The  number  of  outbreaks  attributed  to  commer- 
cially processed  and  home  processed  foods  and  the 
outbreaks  in  which  the  food  involved  was  not  deter- 
mined are  listed  in  table  2.  Although  home  processed 
foods  were  involved  in  the  majority  of  the  outbreaks, 
after  1949  their  number  decreased  significandy 
whereas  outbreaks  in  which  the  food  responsible  was 
not  determined  increased. 

Vegetables  of  various  types  were  the  foods  most 
commonly  incriminated  in  outbreaks,  followed  by 
fruits  and  fish  products  (table  3).  Meats,  excluding 
fish  and  poultry,  were  responsible  for  only  eight  of 
the  recorded  outbreaks.  The  type  A  outbreaks  in 
which  meats  were  involved  included  two  from  pork, 
two  from  beef,  and  one  from  mutton.  Only  two  out- 
breaks of  type  B  botulism  involving  meats  were  re- 
ported; one  due  to  the  ingestion  of  beef  and  one  from 
the  ingestion  of  pork.  The  single  type  F  outbreak, 
with  three  cases,  was  associated  with  the  ingestion  of 
home  prepared  venison  jerky  (7).  Miscellaneous 
"foods"  listed  in  table  3  included  products  such  as 
tomato  relish,  chile  peppers,  salad  dressing,  corn,  and 
chicken  mash  (9). 
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Figure  1. -Outbreaks  of 


Diagnosis 

During  1964-1967,  the  XCDC  investigated  33 
suspected  outbreaks  of  botulism  (table  4).  Only 
18  of  the  53  were  actually  botulism.  The  remainder 
of  the  outbreaks  were  due  to  a  variety  of  causes, 
including  staphylococcal  foodbornc  disease,  chemical 
food  poisoning,  Guillain-Barre  syndrome  and  carbon 
monoxide  poisoning.  As  these  data  indicate,  many 
illnesses  can  be  confused  with  botulism. 

Tables  5  and  6  summarize  the  symptoms  and  signs 
observed  in  145  cases  of  botulism  reported  to  the 
NCDC  from  1953-67.  Gastrointestinal  symptoms, 
dizziness,  and  vertigo  were  found  in  cases  caused  by 
all  toxin  types  but  were  more  common  in  types  B 
and  E  cases.  Signs  and  symptoms  were  otherwise 
equally  common  in  cases  caused  by  all  botulinum 
toxin  types  (9). 

The  following  cardinal  features  of  botulism  may 
help  exclude  other  diagnoses  (9) : 

(1)  Fever  is  absent  early  in  the  disease,  but  may- 


develop  later  from  pneumonia  or  other  com- 
plications. 

(2)  Mental  processes  are  clear.  The  patient  may  be 
anxious  or  agitated  for  obvious  reasons  or 
drowsy  but  most  patients  arc  responsive. 

(3)  Pulse  is  normal  or  slow,  but  may  accelerate 
after  hypotension  develops. 

(4)  Although  vision  may  be  impaired  and  hearing 
distorted,  there  is  no  numbness  or  decreased  per- 
ception or  touch,  and  no  paresthesia  or  other 
sensory  disturbances. 

(5)  All  neurological  manifestations  are  symmetrical 
(9). 

The  first  manifestations  of  illness  in  most  patients 
with  type  E  botulism  are  gastrointestinal,  which  may 
include  nausea  or  vomiting,  substernal  burning  or 
pain,  alxlominal  distention,  decreased  bowel  sounds, 
and  dilated  loops  of  small  bowel  on  radiologic  exami- 
nation. Some  patients  have  initial  transitory  diarrhea 
but  later  become  constipated.  Gastrointestinal  symp- 
toms may  also  be  present  in  cases  of  types  B  and  A 


Digitized  by  Google 


362 


PROCEEDINGS,  FIRST  U.S.-JAPAN  CONFERENCE  ON  TOXIC  MICRO-ORGANISMS 

Table  l.-Botulism  cases  and  deaths  by  toxin  types,  1899-1967 


Yean 

1899  to 

Toxin  type  1909       1910-19     1920-29     1930-39     1940-49     1950-59     1960-67  Total 


Type  A: 

Cases   0 

Deaths    0 

Fatality  rate  (percent)   

Type  B: 

Cases     0 

Deaths   0 

Fatality  rate  (percent)  -. 

Type  E. 

Cases   0 

Deaths     0 

Fatality  rate  (percent)  

Typc  £ 

Cases   ...  0 

Deaths  -    0 

Fatality  rate  (percent)  -. 

Mixed  types  A  and  B: 

Cases   0 

Deaths..    0 

Fatality  rate  (percent)    

Type  undetermined: 

Cases    11  189  138  245  181  176  79  1,019 

Deaths...    6  135  92  162  119  58  12  584 

Fatality  rate  (percent)   55.0  71.4  66.7  66.1  65.7  33.0  15.2  57.3 


44 

156 

94 

110 

39 

20 

463 

31 

94 

69 

62 

18 

4 

278 

70.5 

60.3 

73.4 

56.4 

46.2 

20.0 

60.0 

10 

33 

33 

22 

4 

19 

121 

7 

20 

16 

12 

2 

2 

59 

70.0 

60.6 

48.5 

54.5 

50.0 

10.5 

48.7 

U 

0 

i. 

:> 

14 

34 

57 

0 

0 

2 

1 

7 

15 

25 

33.3 

33.3 

50.0 

44.1 

43.9 

0 

0 

i> 

0 

3 

3 

0 

0 

0 

0 

0 

I) 

0 

0 

0 

0 

1 

f> 

0 

ii 

6 

0 

1 

1 

0 

0 

0 

2 

100.0 

20.0 

33.3 

Total: 


11  243  328  383  316  233  155  1,669 

Deaths     _        6  173  207  250  194  85  33  948 

Fatality  rate  (percent)   55.0  71.2  63.1  65.3  61.4  36.5  21.2  56.8 


Table  2.-Foods  involved  in  outbreaks  of  Table  3.-Foods  involved  in  botulism 

botulism,  1899-1967  outbreak*,  1899-1967 


Home  Commercially 


Interval  processed         processed  Unknown 


1899-1909   2  1  0 

1910-19   48  14  8 

1920-29   77  26  13 

1930-39   135  6  13 

1940-49   120  1  13 

1950-59    50  3  50 

1960-67    31  9  20 


Total...        463  60  117 


botulism.  The  gastrointestinal  symptoms  and  signs 
may  be  so  prominent  in  botulism  that  clinicians  are 
misled  to  a  diagnosis  of  appendicitis,  bowel  obstruc- 
tion, or  diaphragmatic  myocardial  infarction  (6",  9). 

Laboratory  confirmation 

The  most  effective  way  to  confirm  a  diagnosis  of 
botulism  in  the  laboratory  is  to  identify  the  specific 
botulinum  toxin  in  the  patient's  blood  by  performing 
toxin  neutralization  tests  in  mice  with  the  patient's 
serum  and  specific  botulinum  antitoxins  (3).  For 


Toxin  type 


Food 

A 

B 

E 

F 

and  B 

90 

21 

0 

2 

Fruits   

22 

4 

0 

0 

0 

Meats    

5 

2 

<> 

1 

C 

Poultry  _ 

0 

1 

0 

(1 

0 

Fish  and  fish  products  

5 

2 

16 

0 

0 

Milk  and  milk  products  . . 

2 

■1 

0 

0 

0 

Miscellaneous 

15 

2 

0 

0 

0 

Total  

139 

34 

17 

1 

2 

this  reason,  in  all  cases  where  botulism  is  suspected, 
10  ml.  or  more  of  the  patient's  scrum  should  be 
collected  prior  to  antitoxin  treatment  for  toxin  de- 
tection, and  at  intervals  during  the  acute  and  con- 
valescent stages  of  the  illness.  Acute  and  convalescent 
serum  samples  should  also  be  frozen  and  held  for 
further  studies  in  case  the  illness  is  not  botulism. 

An  indirect  laboratory  diagnosis  of  botulism  can 
be  made  by  demonstrating  botulinum  toxin  in  ex- 
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Diagnosis 


Number  of  outbreaks 


Diagnosis 


Number  of  outbreaks 


Botulism.    Ifl 

Staphylococcal  food  poisoning   9 

Chemical  food  poisoning   3 

Carbon  monoxide  poisoning   3 

Guillain-Barr6   3 

CVA   1 

Shigella  or  Salmonella   I 


Hyperventilation  syndrome. 
Neuropsychiatric  disorder. 

C.  petjrin%en.i  gangrene  

No  illness  

No  final  diagnosis  

Total  investigations. 


53 


Table  5.— Symptoms  ob 

served  in  145  cases  of  botulis 

m  reported  to  NCDC  from  1953  to  1967 

Symptoms 

Number  of  Patients 

Symptoms                       Number  of  Patients 

Blurred  vision,  diplopia 

or  photophobia  

Dysphagia  _ . .   

Dysphoria  

Nausea  and,  or  vomiting 
Dizziness  or  vertigo.. 


50 
34 
20 
23 
30 


Abdominal  pain,  cramps,  fullness  . 

Diarrhea  

Constipation  

Difficult  urination   

Paresthesias.   


2 
2 
I 


Table  6.— Signs  observed  in  145  cases  of  botulism 
reported  to  NCDC  from  1953  to  1967 


Number  of 


Signs  patients 


Respiratory  impairment                  _     _    29 

Eye  muscle  involvement,  including  ptosis.  ...  10 

Dilated,  fixed  pupils    . .   ...     .  7 

Specific  muscle  weakness  or  paralysis  .   R 

Dry  throat,  mouth,  or  tongue   7 

Ataxia..   

Nystagmus...    I 

Postural  hypotension   1 


tracts  of  the  suspect  food  by  performing  mouse  pro- 
tection tests  with  specific  bolulinum  antitoxins.  The 
tests  should  always  be  performed  with  trypsinized 
extract  as  well  as  untrypsinized  extract  to  allow  the 
detection  of  the  toxins  of  nonproteolytic  strains  of  C. 
botulinum  (type  E,  some  strains  of  types  B  and  F) 
which  may  require  activation  for  toxin  activity.  It  is 
also  helpful  to  isolate  the  causative  organism  from 
die  food  and  confirm  the  type  by  identification  of  the 
toxin  produced  by  the  culture  (3). 

Therapy 

Recent  studies  substantiate  the  efficacy  of  the  use 
of  therapeutic  antitoxins,  particularly  in  type  E 
botulism,  if  the  antitoxin  is  administered  early 
in  the  disease  (6,  9).  Equally  important  is  prompt 
symptomatic  treatment  of  patients  under  close  super- 
vision. Early  tracheostomy  should  be  performed  in 
patients  with  significant  respiratory  impairment.  The 


use  of  cathartics,  high  enemas,  gastric  lavage,  and 
systemic  penicillin  is  advocated  by  some  to  prevent 
the  theoretical  possibility  of  further  elaboration  of 
toxin  by  C.  bolulinum  in  the  bowel  (9). 

At  present  there  are  two  therapeutic  botulinum 
antitoxins  (both  of  equine  origin)  licensed  for  use  in 
the  United  States:  monovalent  E  (Connaught)  dis- 
tributed by  the  NCDC  and  bivalent  AB  (Lederle) 
available  from  the  manufacturer  and  also  from  the 
NCDC.  In  addition,  the  Connaught  Laboratories 
have  recently  prepared  a  trivalent  ABE  preparation 
which  is  expected  to  be  licensed  in  the  near  future  for 
distribution  by  the  NCDC.  It  is  recommended  (until 
the  trivalent  preparation  is  available)  that  both  the 
types  E  and  AB  antitoxins  be  given  in  cases  of  botu- 
lism when  the  toxin  type  is  unknown  regardless  of 
the  food  history  (.9).  A  polyvalent  ABEF  preparation 
(Scrum  Institute,  Copenhagen)  is  also  stocked  at  the 
NCDC  but  it  is  reserved  for  known  type  F  outbreaks. 
Because  of  the  serious  risk  of  anaphylaxis  and  serum 
sickness  when  horse  scrum  is  administered,  the  de- 
cision to  give  an  asymptomatic  individual  equine 
botulinum  antitoxin  should  be  weighed  very  carefully. 
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Summary 

The  tryptic  activation  of  the  precursor  of  Clostridium 
botulinum  type  E  toxin  increased  the  lethal  toxicity  up 
to  several  hundredfold,  but  no  appreciable  increase 
in  the  antitoxin-combining  power  resulted.  The  anti- 
genicities of  the  fonnol  toxoids  derived  from  the 
precursor  and  the  trypsin-activatcd  toxin  were  identi- 
cal in  quality,  but  the  precursor  toxoid  stimulated 
the  formation  of  a  larger  amount  of  antitoxin  in 
guinea  pigs  and  rabbits.  The  precursor  toxoid  stimu- 
lated the  formation  of  the  antitoxin  to  satisfactorily 
high  levels  in  human  volunteers  without  causing  any- 
unfavorable  reactions. 


Introduction 

C.  botulinum  type  E  toxin  is  produced  in  the  form  of 
precursor,  which  is  activated  by  trypsin,  producing 
up  to  several  hundredfold  increase  in  the  toxicity  (5). 
Gordon  et  al.  (6)  observed  that  the  toxoid  derived 
from  the  unactivated  toxin  showed  lower  immunogen- 
icity  than  that  from  the  activated  toxin.  Sakaguchi 
and  Sakaguchi  (14)  failed  to  show  any  changes  in  the 
physicochemical  properties  of  the  precursor,  caused 
by  tryptic  activation. 

Wc  attempted  to  compare  the  antigenicities  of 
partially  purified  preparations  of  the  precursor  and 
the  trypsin-activated  toxin,  qualitatively  and  quanti- 
tatively, with  the  hope  that  the  results  could  throw 
light  on  explaining  the  mechanism  of  the  activation. 
Also,  it  has  become  a  matter  of  considerable  interest 
to  protect,  by  active  immunization,  the  inhabitants 
of  the  districts  where  izushi-borne  type  E  botulism 
has  been  prevalent.  A  type  E  toxoid  for  human  use 
was  prepared  from  the  precursor  rather  than  the 
activated  toxin.  The  toxoid  was  injected  into  human 
volunteers.  The  results  will  be  described  in  the  present 
report. 


•Paper  read  by  G.  Sakaguchi. 


Materials  and  Methods 

The  precursor  and  the  trypsin-activated  toxin. — 

Partially  purified  precursor  materials  were  obtained 
by  the  method  of  Sakaguchi,  Sakaguchi,  and  Imai 
(13).  Precursor  materials  were  activated  with  trypsin 
at  pH  6  and  the  activated  materials  passed  through 
Scphadcx  G-200  to  remove  the  trypsin  (13).  Both 
materials  proved  to  be  homogeneous  in  ultracentri- 
fugation  with  the  same  S20,w  of  11.5  (14),  but  con- 
tained at  least  three  distinct  antigenic  substances  (8). 

Toxoids. — Both  the  precursor  and  the  activated 
toxin  were  detoxified  at  pH  near  6  with  0.2  to  0.4 
percent  formalin  at  33°  C.  The  loss  of  toxicity  was 
determined  by  injecting  mice  intrapcritoncally  with 
0.5  ml.  doses.  The  toxoid  was  absorbed  onto  either 
aluminum  hydroxide  or  aluminum  phosphate.  Some 
properties  of  the  toxids  used  in  the  present  investiga- 
tion are  shown  in  table  1 . 


Table  1.— Some  properties  of  the  type  E  toxoids 
used  in  the  present  investigation 


Lot 

No. 

Origin 

UW 

mK.  N  N 

before  Mg./ 
toxoid  in^  ml* 

pH 

Adjuvant 

Al 

«./ 
ml. 

1.. 

.  Activated  toxin. 

8.8  x  107  41 

6.0 

Al(OH), 

675 

2.. 

.  Precursor  

1.2  x  10s  22 

6.0 

A1P04 

675 

3. 

. .  do  _   

1.2  x  10s  22 

5.6 

AIPO4 

675 

4.. 

 do  

1.4  x  10*  11.3 

6.05 

A  IPO, 

710 

5.. 

.. Activated  toxin  . 

4.6  x  10-    1 1.5 

6.10 

A  IPO, 

710 

Determination  of  protein  and  nitrogen  con- 
tents.—  Protein  content  was  determined  by  the 
method  of  Lowry  et  al.  (9)  with  bovine  scrum 
albumin  as  the  standard.  Protein  nitrogen  (N)  was 
calculated  by  dividing  the  protein  value  by  a  factor 
of  6.25. 

Determination  of  toxicity.— The  material  to  be 
tested  was  diluted  1.4-fold  serially  in  0.05  M  phos- 
phate-buffered saline,  pH  6.3,  containing  gelatin  at 
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0.2  percent.  Doses  of  0.5  ml.  of  each  dilution  were 
injected  intraperitoncally  into  four  mice  weighing  14 
to  18  g.  After  2  days'  observation  the  LDjo  was  calcu- 
lated by  the  method  of  Reed  and  Muench  (77). 

Standard  antitoxin. — The  standard  antitoxin  was 
prepared  by  hyperimmunizing  horses  with  formalin- 
ized  and  later  untreated  trypsin-activatcd  toxin.  The 
antitoxin  titers  were  standardized  against  the  Inter- 
national Standard  for  type  E  antitoxin  (WHO,  1963, 
1964). 

Titration  of  antitoxin. — To  each  tube  containing 
one  test  dose  of  the  test-toxin  solution  was  added  the 
same  volume  of  each  graded  dose  of  a  serum  sample. 
The  mixture  was  allowed  to  stand  at  room  tempera- 
ture for  60  minutes  and  injected  intraperitoneally 
into  four  mice  in  0.5  ml.  doses.  The  mice  were 
observed  for  2  days  for  deaths.  The  antitoxin  titers 
relative  to  that  of  the  standard  antitoxin,  titrated  at 
each  determination,  were  calculated. 

One  test  dose  of  the  test  toxin  utilized  in  the  present 
investigation  was  that  amount  which,  when  mixed 
with  0.01  IU  of  the  standard  antitoxin  and  injected 
intraperitoncally  into  mice,  would  kill  one-half  the 
group  within  2  days. 

Results 

Antitoxin-combining  powers  of  the  precursor 
and  the  activated  toxin. — The  ratios  of  the  L+  doses 
of  the  precursor  to  that  of  the  activated  toxin  at 
different  levels  ranged  from  1.1  to  4.0  (table  2).  In 
spite  of  the  250-fold  increase  in  the  toxicity,  very 
little  increase  in  the  antitoxin-combining  power  re- 
sulted from  the  tryptic  activation. 

Toxoiding  the  precursor  and  the  activated 
toxin. — Materials  in  0.05  M  acetate  buffer,  pli  6.0, 
were  added  with  formalin  to  0.2  percent  (v/v)  and 
incubated  at  33°  C.  (fig.  1).  The  precursor  became 
nontoxic  in  7  days;  on  the  eighth  day,  additional 
formalin  at  0.1  percent  was  addtd  to  the  activated 
toxin,  which  became  nontoxic  in  1 7  days. 

Immunogenic  efficiencies  of  toxoids  derived 
from  the  precursor  and  the  activated  toxin. — 

(A )  Immune  response  of  mice  to  a  single  dose.  A 


Table  2.— Antitoxin-combining  powers  of  precursor 
and  activated  toxin 


Precursor 

Activated  toxin 

Level  of  test 

(milliliter*) 

(milliliters) 

Ratio 

L+/IO0... 

1.4  x  10"« 

5.6  x  10-< 

4.0 

L  +  /32  

5.6  x  lcr* 

1.4  x  10-* 

2.5 

L+/I0.... 

1.4  x  \0r* 

2.8  x  10"3 

2.0 

L  +  /3.2..._ 

5.6  x  10"3 

6.3  x  10-* 

1.1 

L+  

1.4  x  10-* 

2.8  x  10-* 

2.0 

LD„  

4.0  x  10  « 

1.0  x  I0~7 

250 

0      I       S      5      7      »      II      IS     15  17 
PERIOD  IN  DAY 


Figure  1.— Time  course  of  detoxification  of  precursor  (271 
mq.  protein  per  milliliter)  and  activated  toxin  (269  /ig.  pro- 
tein per  milliliter)  with  formalin  (0.2  per  cent)  at  33°C. 

toxoid  derived  from  the  precursor  (Prec.  Td.)  (lot  3) 
or  one  derived  from  the  activated  toxin  (Act.  Td.) 
(lot  1)  was  injected  once  subcutaneously  into  mice  in 
a  0.2-ml.  dose.  The  mice  immunized  with  either 
toxoid  survived  the  challenge  made  4  weeks  later 
with  multiples  of  the  lethal  dose  of  cither  the  pre- 
cursor or  the  activated  toxin  (table  3). 

IB)  Immune  response  of  guinea  pigs  to  a  single 
dose.  Prec.  Td.  or  Act.  Td.,  both  containing  16 
>ig.N/ml.,  pH  5.4,  was  injected  once  subcutaneously 


Table  3.— Immune  response  of  mice  to  a  single  dose  Of  toxoid 


Challenged  with  LDM  /inoculum 


Precursor  Activated  toxin 


Protected  with — 

320 

100 

32 

10 

10,000 

3,200 

1,000 

320 

100 

Prec.  Td.  (lot  3)  

Act.  Td.  (lot  1). 

1/12 
3/10 

7/12 
6/12 

9/11 
11/12 

11/12 
11/12 

5/8 
4/7 

8/11 
5/10 

7/11 
6/12 

9/12 
10/12 

4/4 
4/4 

NoTB.— Each  mouse  wu  injects!  Hubn.un.^ualy  with  0.2  ml.  of  either  toioid  and  chalkngrd  by  intrapmtnno*.  inaction  4  wrok"  Utw.  Fractional  num- 
br*j»  roprvfUTnt:  number  survived  per  mica  tested. 
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at  a  dose  of  0.5  nil.  into  14  guinea  pigs.  Blood  samples 
were  taken  after  4  weeks  and,  on  the  next  day,  the 
animals  were  challenged  by  subcutaneous  injection 
with  an  activated  toxin  of  10,000  mouse  LDso  corre- 
sponding to  about  100  to  300  guinea  pig  MLD. 

The  antitoxin  contents  of  all  guinea  pigs  were 
below  0.01  IU/ml.,  the  lowest  detectable  level;  how- 
ever, all  but  two  of  those  having  received  Prec.  Td. 
survived  the  challenge  (table  4). 


Table  < 

4.—  Immune  response  of  gui 
single  dose  of  toxoid 

nea  pigs  to  a 

Protected  v 

Challenged  with 
10,000  mouse  LDM 
Number  survived/ 
nth—       number  tested 

Circulating 
antitoxin 
titer  (IU/ml.) 

Act.  Td. 

  14/14 

<0.01 
<0.0I 

and  N  at  16  Mft-.N/ml. 

(C)  Immune  response  of  guinea  pigs  to  two 
doses.  The  challenge  method  did  not  quantitate  the 
antigenicity  of  a  toxoid  nor  did  a  single  dose  stimu- 
late the  formation  of  antitoxin  to  a  detectable  level. 
Two  doses,  therefore,  were  injected  into  guinea  pigs 
to  quantitate  the  antigenicities  of  Prec.  Td.  and 
Act.  Td. 

Forty  guinea  pigs  in  four  groups  of  equal  numbers 
received  two  doses  by  subcutaneous  injection  at  a 
4-week  interval.  The  first  group  received  0.2  ml. 
Prec.  Td.  (lot  I);  the  second  0.2  ml.  Act.  Td.  (lot 
2);  the  third  0.5  ml.  Prec.  Td.;  the  fourth  0.5  ml. 
Act.  Td.  All  the  animals  were  bled  2  weeks  after  the 
second  injection.  The  antitoxin  contents  are  shown  in 
table  5.  The  mean  antitoxin  titers  were:  22.2  IU/ml. 
for  the  third  group;  13.8  IU/ml.  for  the  first  group; 
4.22  IU/ml.  for  the  fourth  group;  2.02  IU/ml.  for 
the  second  group. 

Similar  experiments  were  performed  with  another 
lot  of  Prec.  Td.  (lot  3)  and  the  same  Act.  Td.  (lot  1) 
(table  6). 

The  results  given  in  tables  5  and  6  are  illustrated 
in  figure  2.  The  antitoxin  titer  is  shown  by  the  ordi- 
nate and  the  dose  of  toxoid  by  the  abcissa.  Statistical 
analyses  showed  that  the  dosc-response  curves  were 
parallel  from  one  to  another. 

Comparison  of  the  antigenic  efficiencies  of  the 
toxoids  derived  from  the  precursor  and  the  acti- 
vated toxin.— The  Prec.  Td.  and  Act  Td.  of  the 
same  lot  (lot  4),  which  were  toxoided  and  adsorbed 
onto  AIPO4,  under  the  same  conditions,  were  used. 

Immune  response  of  guinea  pigs  to  two  doses. — 
A  total  of  32  guinea  pigs  were  injected  subcutaneously 
with  two  doses  of  either  toxoid  at  a  4-week  interval. 


Table  5.— Immune  response  of  guinea  pigs  to  2 
doses  of  toxoid 


0.2  ml. 

x2 

0.5  ml.  x  2 

Immunized  with- 

IU/ml. 

Mean 

IU/ml. 

Mean 

arCC.  1  u.  \tOl  £.)  1 

10-30 
10-30 
3-10 
10-30 
10 

3-10 
10 

10-30 
30-100 

'    1  J.O 

3-10 
30 

w-tnn 
3-10 
3-10 

in   1  nn 
JO-1U0 

10-KK) 

30 

in— 1  fxt 
,  30-100  J 

22.4 

0.3-1 

'  1-3 

1-3 

1-3 

3-10 

3-10 

0.3-1 

3-10 

Act.  Td.  (lot  1)  

1-3 
1-3 

2.02  > 

1-3 
10-30 

4.22 

1-3 

3-10 

3-10 

3-10 

3-10 

1-3 

,  10 

Note. — The  l*t  Injection— (4  weeks)— the  2d  Injection  -(I  woo  la  i 


Table  6.— Immune  response  of  guinea  pigs  to  2 
doses  of  toxoid 


0.2  ml.  x  2 

0.5  ml. 

x2 

Immunized  with — 

IU/ml. 

Mean 

IU/ml. 

Mean 

Prec.  Td.  (lot  3)  

10-30 
100 

30-100 
100 

30-100 
30-100 
30-100 
30-100 
30-100 
30-100  d 

>  56  < 

f  30-100 
30-100 
100-300 
30-100 
100-300 
100-300 
100-300 
100-300 
100-300 

•  115 

Act.  Td.  (lot  1 )  I 

'     1-3  ' 
10-30 

1-3 

3-10 

3-10 

1-3 

3-10 

3-10 
10 
10 

>  5.0 

10 
10 

3-10 
10-30 
10-30 

3-10 
10-30 
30 

3-10 
10-30 

12 

Note.  -The  Ut  injection— (4  week*)— the  2d  injection— (2  weaka)- 


The  first  group  was  injected  with  0.2  ml.  of  Prec. 
Td.;  the  second  with  0.2  ml.  Act.  Td.;  the  third  with 
0.5  mL  Prec.  Td.;  the  fourth  with  0.5  ml.  Act.  Td. 
Two  weeks  after  the  second  injection,  blood  samples 
were  taken  to  measure  the  level  of  antitoxin.  Thr 
results  are  shown  in  table  7. 


Digitized  by  Google 


368 


PROCEEDINGS,  FIRST  U.S.-JAPAN  CONFERENCE  ON  TOXIC  MICRO-ORGANISMS 


I  U/ml 


I- 

 1  1  

02  0.5  TO  V0LUME<ml) 

Figure  2.- Dose-response  curves  of  toxoid  derived  from 
precursor  (loto  2  and  3)  and  activated  toxin  (lot  1). 


Table  7.— Immune  response  of  guinea  pigs  to  2 
doses  of  toxoid 


0.2  ml. 

x2> 

0.5  ml. 

x  2 

Immunized  with— 

I  U/ml. 

Mean 

I  U/ml. 

Mean 

Prec.  Td.  (lot4).„..< 

r  0.3-1  i 

1-3 
10 

3-10 
3-10 
3-10 
3-10 

■  3.6  - 

f  30 
10-30 
3-10 
10-30 
10-30 
10 

3-10 
10-30 

13.3 

Act.  Td.  (lot  4)  

0.3-1 

0.1 

0.1 

0.1 

0.1 

1-3 
0.1 

<*>  , 

[  0.1-0.3 
0.1-0.3 
0.1 
0.1 

0.1-0.3 
0.1-0.3 
0.1-0.3 
0.1 

0.1-0.3  , 

■The  bit  Injection— (4  week*)— the  2d  injection— (2  weeks)— bleeding. 
'Means  were  too  low  for  calculation. 


The  animals  injected  with  Prcc.  Td.  yielded  anti- 
toxin titers  higher  than  those  injected  with  Act.  Td. 

Immune  response  of  rabbits  to  multiple  doses. — 
The  toxoids  (lot  4)  were  injected  into  rabbits.  For 
the  primary  immunization,  three  0.2-ml.  doses  were 
injected  subcutaneously  every  other  day.  After  a 
4-week  rest,  two  0.4-ml.  doses  were  injected  at  an 


interval  of  3  days.  After  another  3-week  rest,  addi- 
tional three  0.5-ml.  doses  were  injected  at  intervals  of 
10  and  14  days.  Blood  samples  were  taken  before 
each  injection.  The  antitoxin  titers  are  illustrated  in 
figure  3. 


I  u/mi 


 T  1  1  T  1  1        I         I        I  1  1  1  1  1  

0    I         3         S         7         9         II        13  WEEKS 

ttt  tt  T       t  t 

2  3,  4  9  6       7  6 

0.2ml  0.4  ml  0'5ml 

Figure  3.— Immune  response  of  rabbits  to  multiple  doses 
of  toxoid  derived  from  precursor  (lot  4)  and  activated  toxin 
(lot  4). 

The  animals  receiving  Prcc.  Td.  developed  anti- 
toxin in  an  earlier  stage  and  the  subsequent  increase 
in  the  titer  was  steeper  than  the  group  receiving  Act 
Td.  In  1 1  weeks,  the  antitoxin  contents  of  the  rabbits 
receiving  Prec.  Td.  reached  10,  14,  50,  and  70 
lU/ml.,  respectively.  Thus,  a  higher  immunogenic 
those  receiving  Act.  Td.  were  only  0.14,  1.4,  and  1.4 
IU/ml.,  respectively.  Thus,  a  higher  immunogenic 
efficiency  of  the  Prec.  Td.  was  also  demonstrated  in 
rabbits. 

Immunization  of  human  volunteers  with  Prec. 
Td.— The  Prec.  Td.  (lot  4)  passed  the  sterility,  safety, 
and  detoxification  tests  performed  in  accordance  with 
the  procedures  for  the  diphtheria  toxoid  as  required 
in  the  Minimum  Requirements  for  the  Biological 
Products  (Ministry  of  Health  and  Welfare). 

Four  0.5-ml.  doses  of  the  toxoid  were  injected  sub- 
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chromatography,  (b)  gel  filtration  on  Sephadex 
G— 200,  (c)  ultracentrifugal  analysis  (Sjjo.w  of  11.5  for 
both),  (d)  sucrosc-dcnsity-gradicnt  centrifugation,  (?) 
amino  acid  analyses,  (f)  destruction  curves  by  urea, 
Y-ray  irradiation  and  heating,  (g)  ninhydrin  values, 
(A)  ultraviolet  absorption  spectra,  and  (x)  fluorescence 
reaction  spectra  (V*,  10,  12). 

A  very  litUc  difference  was  found  between  the  pre- 
cursor and  the  trypsin-activated  toxin  in  the  antitoxin- 
combining  power.  Dolman  (4)  was  of  the  same  opinion 
as  our  finding,  but  no  data  supporting  his  opinion 
were  presented.  Gordon  et  al.  (6)  showed  that  tryptic 
activation  decreased  the  combining  power  as  deter- 
mined from  the  Lf  values.  Flocculation  with  impure 
materials,  however,  may  not  reflect  the  true  picture 
of  the  combining  powers. 

The  mice  immunized  with  Prec.  Td.  or  Act  Td. 
resisted  the  challenge  with  either  the  precursor  or  the 
activated  toxin.  The  dosc-rcsponsc  curves  obtained 
with  the  Prec.  Td.  and  those  with  the  Act.  Td.  were 
linear  and  parallel  from  one  to  another  (fig.  2).  It 
would  appear,  therefore,  that  the  antigenicities  of  the 
precursor  and  the  activated  toxin  are  identical  in  the 
quality.  This  may  indicate  that  the  toxic  and  the 
antigenic  sites  arc  not  the  same,  and  activation  is 
concerned  only  with  the  toxic  site.  Boroff  and  Das- 


of  typo  E  toxoid  derived  from  precursor  (lot  4) 


Bleeding* 


Subject 

I1 

II 

III 

IV 

V 

VI 

1.  H.  K  

>0 

0 

0.01-0.03 

0.03 

0.01-0.03 

1 

2.  S.  K  

0 

0.01 

0.03 

3-10 

3.  R.  M  

0 

0 

0.01-0.03 

»n.d. 

0.01-0.03 

1-3 

4,  T.  S  

0 

0 

0 

0.01 

0 

0.1-0.3 

5.  A.  O  

0 

0 

0 

0.01-0.03 

0.01-0.03 

0.3-1 

6.  S.  S  

0 

0 

0.01 

0.03 

0.01-0.03 

0.3-1 

7.  S.  Y  

0 

0 

0 

0.03-0.1 

0.03-0.1 

0.3-1 

0 

1) 

0 

0.03-0.1 

0.03-0.1 

1-3 

9.  S.  K  

0 

0 

0 

n.d. 

n.d. 

n.d. 

10.  S.  T  

0 

II 

0 

0.01 

n.d. 

n.d. 

11.  A.  I  

0 

II 

0.01-0.03 

0.03-0.1 

0.03 

3-10 

12.  S.  Y  

(1 

0.1 

0.3 

n.d. 

n.d. 

13.  S.  K  

0 

<) 

0 

0.1 

0.01-0.03 

1 

14.  S.  S  

0 

0 

0 

0.03-0.1 

0 

0.3-1 

15.  T.  N  

0 

0 

0.01-0.03 

0.03-0.1 

0.1 

3 

0 

<> 

0 

0 

0.01 

0.1-0.3 

17.  K.  A  

0 

0 

0 

0 

0.01-0.03 

0.1-0.3 

IB.  T.  T  

0 

0 

0 

0.03-O.1 

O.l 

1-3 

Antitoxin  level 

(IU/ml.) 

Number  of  volunteers /total,  showing  indicated  a 

ntitoxin  level* 

<0.0I 

18/18 

18/18 

9/18 

2/16 

2/15 

0/15 

«0.01 

0/18 

0/18 

4/18 

3/16 

1/15 

0/15 

>0.01 

0/18 

0/18 

5/18 

11/16 

12/15 

15/15 

'Order  of  procedures:  Bleeding  I,  1st  injection,  4-week  lapse;  bleeding  K)  means  lower  than  0.01  IU/ml. 

II,  2d  injoction,  2- week  lapse:  bleedinf  III,  3d  injection,  2-week  lapse;  >n.d.—  no  data, 

bleeding  IV,  10-week  lapse;  bleeding  V,  4th  injection,  J- week  lapse;  'Approximation. 
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cutaneously  into  18  volunteers  at  intervals  of  4,  2, 
and  12  weeks.  Blood  samples  were  taken  six  times, 
immediately  before  each  injection,  2  weeks  after  the 
third  and  3  weeks  after  the  fourth  injections.  The 
antitoxin  titers  before  the  first  and  the  second  injec- 
tions were  all  below  0.01  IU/ml.  Two  weeks  after 
the  third  injection,  two  subjects  had  antitoxin  titers 
below  0.01  IU/ml.;  the  remaining  14  between  0.01 
to  0.1  IU/ml.  The  fourth  injection  stimulated  a 
marked  increase  in  the  titer  by  about  thirtyfold  to 
hundredfold.  The  majority  showed  antitoxin  titers 
between  0.33  to  10  IU/ml.  3  weeks  after  the  fourth 
injection  (table  8). 

During  the  whole  period,  no  one  complained  of 
such  general  symptoms  as  fever,  feeling  of  languor, 
exanthema  or  arthralgia,  although  very  mild  local 
symptoms  such  as  pain  or  induration  at  the  injection 
site  were  reported  by  a  few  of  the  volunteers. 

Discussion 

Tryptic  activation  of  the  precursor  of  C.  botulinum 
type  E  toxin  results  in  up  to  several  hundredfold 
increase  in  the  lethal  potency.  Wc  failed,  however,  to 
differentiate  the  precursor  from  the  activated-toxin 
by   the   following   procedures:    (a)  CM-Sephadex 
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gupta  (2)  ascribed  the  toxicity  and  the  antigenicity 
of  type  A  toxin  to  one  and  the  same  site. 

From  the  results  shown  in  table  7  and  figure  3,  it  is 
apparent  that  the  immunogenic  efficiency  of  the  Prec. 
Td.  is  much  higher  than  that  of  the  Act.  Td.  It 
might  be  possible  that  the  formalinization  impaired 
the  antigenicity  of  the  activated  toxin  more  than  the 
precursor.  Comparison  of  the  physicochenucal  prop- 
erties of  Prec.  Td.  and  the  Act.  Td.  may  be  needed. 
A  reverse  relationship  was  observed  by  Gordon  et  al. 
(6")  with  type  E  toxin  and  Batty  and  Glenny  (/)  with 
C.  welchii  epsilon  toxin.  In  one  of  the  four  experiments 
made  by  the  former  authors,  however,  the  im- 
munogenicity  of  the  nonactivated  toxoid  was  greater 
than  the  activated  toxoid.  We  concluded  that  tryptic 
activation  may  not  affect  the  antigenic  site  of  the 
precursor,  but  it  may  change  cither  the  susceptibility 
of  the  molecule  to  formalin  or  to  some  unknown  in 
vivo  factors. 

Antitoxin  therapy  has  been  employed  in  botulism 
cases,  although  there  have  been  arguments  for  and 
against  the  effectiveness.  In  Hokkaido,  the  case  fatal- 
ity rate  of  type  E  botulism  had  been  28.9  percent 
before  type  E  antitoxin  became  available  in  1959; 
whereas  since  1959,  the  rate  dropped  to  only  3.4 
percent  (7).  In  spite  of  this  dramatic  achievement,  it 
may  still  hold  true  that  the  use  of  antitoxin  is  limited 
because  the  effect  cannot  be  expected  if  administra- 
tion is  delayed  and  the  repeated  use  of  antitoxins 
may  cause  serum  diseases.  Therefore,  active  immuni- 
zation may  be  desirable  for  those  who  are  in  contact 
with  botulinus  toxin  in  laboratories  or  who  habitually 
cat  izushi,  especially  those  who  have  received  anti- 
toxin. 

Since  our  results  demonstrated  higher  immunogenic 
efficiency  of  the  Prec.  Td.  than  the  Act.  Td.  in  ani- 
mals, we  used  the  Prec.  Td.  for  immunizing  human 
volunteers.  VV'e  tried  to  keep  the  protein  content  of 
the  Prec.  Td.  lower  than  that  of  the  commercial 
diphtheria  toxoid.  If  a  diphtheria  toxoid  containing 
50  Lf/ml.  is  prepared  from  the  crystalline  toxin,  it 
should  contain  about  15  ng.  N/ml.  Our  toxoid  con- 
tained 11.3  ug.  N/ml. 

The  toxoid  stimulated  production  of  antitoxin  to 
satisfactorily  high  levels,  comparable  to  those  attained 
by  Cardella  (3).  To  improve  the  time  schedule  for 
vaccination,  the  toxoid  was  injected  into  an  additional 
16  volunteers  in  the  Hokkaido  area  by  Dr.  H.  Iida 
and  his  associates  of  Hokkaido  Institute  of  Public 
Health,  Sapporo.  Three  injections  were  given  at  4- 
and  9-week  intervals.  The  antitoxin  titers  9  weeks 
after  the  second  injection  were  lower  than  0.01 
IU/ml.  in  five  persons,  0.01  IU/ml.  in  another  nine 
persons,  and  higher  than  0.1  IU/ml.  in  another  one. 
Those  determined  2  weeks  after  the  third  injection 
were  0.01  to  0.1  IU/ml.  in  4  persons,  0.01   to  1 


IU/ml.  in  another  nine,  and  I  IU/ml.  or  higher  in 
the  other  three  persons.  Thus,  more  satisfactory  im- 
munization was  accomplished  by  prolonging  the 
interval  between  the  second  and  the  third  injections. 

To  guarantee  complete  protection  against  the 
hazard  of  botulism,  we  must  know  how  high  the 
antitoxin  titer  should  be.  We  demonstrated  that  the 
monkey  containing  an  antitoxin  titer  of  at  least  2 
IU/ml.  attained  by  vaccination  resisted  the  intra- 
peritoneal challenge  with  the  activated  toxin  of  1,000 
monkey  MLD,  corresponding  to  800,000  mouse  LDjo- 
From  these  results,  the  antitoxin  titers  attained  by 
the  volunteers  may  be  high  enough  to  protect  them 
from  intoxication  by  ingestion  of  a  botulinogeiuc  food. 
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THE  EFFECT  OF  MALATHION  ON  THE  SUSCEPTIBILITY  OF 
THE  MALLARD  DUCK  (ANAS  PLATYRHYNCHOS)  TO 
CLOSTRIDIUM  BOTULINUM  TYPE  C  TOXIN 

by  Wayne  I.Jensen  and  James  M.  Micuda 

Bureau  of  Sport  Fisheries  and  Wildlife,  Bear  River  Research  Station, 

Brigham  City,  Utah  84302 


Summary 

Malathion  [S-(l,  2-dicarbcthoxyethyl)-0,  0-di- 
nicthyl  phosphorodithioatc] ,  given  orally  or  intrapcri- 
toneally  in  doses  of  about  112  to  280  mg.  to  mallards 
prior  to  oral  or  intraperitoneal  administration  of  1  to 
2  MLD  of  type  C  toxin,  delayed  the  development  of 
paralysis  and  decreased  the  death  rate  from  botulism. 

Preliminary  experiments  to  explain  the  antitoxic 
activity  of  the  pesticide  have  been  carried  out,  but  no 
conclusions  have  been  reached. 


Introduction 

In  several  published  reports  (2,  3,  7,  8,  9),  investiga- 
tors have  presented  evidence  that  type  E  botulism 
was  responsible  for  the  death  of  several  thousand 
herring  gulls,  ring-billed  gulls,  common  loons,  and 
other  aquatic  birds  on  Lake  Michigan  in  1963  and 
1964.  Jensen  and  Gritman  (6),  however,  were  unable 
to  induce  intoxication  in  mallard  ducks  and  Califor- 
nia gulls  with  large  oral  doses  of  the  VH  strain  of 
type  E  toxin.  Among  the  possible  explanations  offered 
for  this  finding  were:  (a)  That  these  two  species  were 
less  susceptible  to  type  E  botulism  than  were  those  on 
Lake  Michigan,  or  (b)  that  other  agents  in  the  Lake 
Michigan  birds'  environment  (a  pesticide  or  another 
toxin,  for  example)  somehow  influenced  their  suscep- 
tibility to  intoxication. 

Further  studies  (9,  12)  showed  that  both  mallards 
and  California  gulls  were  susceptible  to  at  least  one 
strain  of  C.  botulinum  type  E  toxin  (026-080X;  isolated 
from  Lake  Michigan  whitefish  chubs  by  Food  and 
Drug  Administration  personnel).  Although  type  C 
toxin  apparently  did  not  affect  the  birds'  resistance 
to  intoxication  with  the  VH  strain,  the  converse  was 
true;  the  addition  of  VH  to  type  C  cultures  before  oral 
administration  increased  the  birds  susceptibility  to 
type  C  intoxication  (6). 

The  study  reported  here  is  a  continuation  of  our 
effort  to  identify  agents,  both  manmade  and  naturally 
occurring,   that  may  modify  the  susceptibility  of 
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aquatic  birds  to  any  type  of  botulism  in  their  natural 
habitats. 

Malathion  [S-(l,  2-dicarbethoxycthyl)-0,  0-di- 
mcthyl  phosphorodithioatc]  was  selected  as  the  first 
pesticide  for  investigation  because  of  its  widespread 
use  in  insect  control  and  its  anticholinesterase  activity. 
There  is  little  evidence  in  the  published  literature  to 
support  a  belief  that  cholincsterase  inhibitors  favor- 
ably influence  the  course  of  botulism  in  mammals, 
but  the  pharmacological  action  of  botulinum  toxins 
in  birds  is  poorly  understood.  Our  first  step  in  this 
study  was  to  find  whether  the  administration  of  mala- 
thion to  ducks  influenced  their  response  to  subsequent 
doses  of  type  C.  This  was  done  in  a  series  of  small 
exploratory  experiments  in  which  both  the  pesticide 
and  the  toxin  were  given  at  several  dosage  levels  by 
two  routes.  The  results  arc  given  here,  but  an  ex- 
planation of  our  findings  must  await  the  completion 
of  work  now  in  progress. 

Materials  and  Methods 

Malathion  formulations. — For  the  first  experi- 
ments, technical  grade  emulsifiable  malathion  (55.7 
percent  in  xylene)  was  obtained  from  the  Box  Elder 
County  (Utah)  Mosquito  Abatement  District  Office. 
To  minimize  the  possibility  of  emulsifying  agents, 
diluents,  or  other  substances  being  responsible  for  the 
observed  effects  on  the  birds'  response  to  type  C 
toxin,  we  repealed  these  experiments  with  an  im- 
proved technical  grade  malathion  of  95  percent 
purity. 

Before  administration  to  ducks,  55.7  percent  mala- 
thion was  diluted  I'-IO  in  distilled  water.  The  95 
percent  pure  compound  was  diluted  in  95  percent 
ethyl  alcohol  to  the  same  final  concentration.  For 
convenience  in  reporting,  both  formulations  are  here- 
after considered  to  contain  56  mg.  of  malathion  per 
milliliter. 

Production  and  assay  of  toxin.— The  X220B2 
strain  of  type  C  (isolated  in  northern  Utah)  was  used 
throughout  the  investigation.  In  the  first  experiments, 
type  C  cultures  were  mixed  with  the  VH  strain  of  type 
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E  (provided  by  Dr.  E.  C.  Dolman)  before  administra- 
tion to  experimental  birds.  The  V'H  was  added  as  a 
part  of  another  study,  and  its  presence  in  this  study  is 
incidental.  Although  it  enhanced  the  toxicity  of  type 
C  for  ducks,  the  doses  of  type  E  contained  in  the 
mixtures  were  never  as  much  as  one-third  of  those 
found  earlier  to  be  nontoxic  for  mallards  (6). 

Both  types  were  grown  in  a  lactalysate-yeast  autoly- 
sate medium  (<S)  by  using  the  cellophane  bag  tech- 
nique described  by  Sterne  and  Wentzcl  (//).  Cultures 
were  harvested  after  5  days  of  incubation  at  37°  C.  for 
type  C  and  30°  C.  for  type  E. 

Toxin  assays  were  performed  by  injecting  mice 
intraperitoneally  with  cultures  suitably  diluted  in  gela- 
tin-phosphate buffer  at  pH  6.2.  Median  lethal  doses 
(LDjo)  were  calculated  by  the  method  of  Reed  and 
Mucnch  (10). 

Administration  of  malathion  and  toxin. — In  all 
experiments  reported  here,  malathion  was  given  to 
one  group  of  mallards  (group  A)  in  repeated  1.0-ml. 
doses  (ranging  from  a  total  of  112  to  280  mg.)  over  a 
period  of  1  to  2  days.  Within  2x/i  to  5  hours  after 
the  last  dose  of  malathion,  group  A  and  a  comparable 
untreated  group  (group  B)  received  a  single  dose  of 
toxin. 

In  preliminary  trials,  both  the  malathion  and  the 
toxin  were  administered  by  releasing  a  measured 
volume  of  fluid  from  a  pipette  inserted  into  the 
esophagus.  Because  of  the  possibility  of  chemical  in- 
activation  of  toxin  in  the  bird's  digestive  tract  by 
malathion  (or  another  ingredient  of  the  tec  hnical  for- 
mulations), we  gave  the  pesticide  by  the  intraperi- 
toneal route  thereafter  but  continued  to  give  the  toxin 
by  the  oral  route.  Finally,  in  the  most  recent  trials 
we  gave  the  toxin  as  well  as  the  malathion  by  intra- 
peritoneal injection.  This  was  done  after  consultation 
with  Dr.  B.  C.  Whaler  (personal  communication), 
who  suggested  that  parasympathetic  stimulation  by 
anticholinesterases  might  accelerate  the  passage  of 
food  through  the  gut,  thereby  decreasing  the  time  for 
absorption  of  toxin. 

The  oral  doses  of  type  C  toxin  ranged  from  28,800 
to  72,000  mouse  LDso;  the  intraperitoneal  doses 
ranged  from  2,250  to  5,000  mouse  LDM.  On  the 
basis  of  earlier  titrations,  these  were  calculated  to  be 
one  (or,  in  two  cases,  two)mallard  MM).  However, 
mallards  differ  greatly  in  their  susceptibility  to  type 
C  toxin  by  both  routes,  not  only  among  individuals, 
but  among  different  lots  of  commercially  produced 
birds.  Ambient  temperatures  during  the  period  of  a 
bird's  exposure  to  toxin  also  appear  to  influence  its 
response,  but  the  importance  of  this  factor  has  not 
been  evaluated  experimentally.  For  these  reasons,  the 
doses  were  sometimes  lower  or,  judging  from  the  rapid 
development  of  paralysis,  higher  than  calculated. 

Experimental  animals.— White  mice  of  the  Rocky 


Mountain  Laboratory  (Hamilton,  Mont.)strain  were 
used  for  toxin  assays  of  C.  botulinum  cultures. 

A  commercial  breeder  in  Illinois  supplied  the  mal- 
lards, which  ranged  in  age  from  8  weeks  to  adulthood 
(6  months  or  more)  during  the  period  of  the  investiga- 
tion. All  birds  used  in  any  particular  experiment  were 
approximately  the  same  age.  In  most  experiments, 
equal  numbers  of  males  and  females  were  used.  They 
were  held  in  outdoor  cages  during  the  course  of  the 
experiments,  which  were  performed  from  October  to 
May.  Food  (mixed,  dry  small  grains)  was  withheld 
for  24  hours  before  oral  dosing  with  toxin. 

Results 

This  is  a  summary  of  the  results  of  14  small  experi- 
ments designed  to  define  the  optimum  conditions  for 
demonstrating  the  effects  of  malathion  on  subsequent 
botulinal  intoxications  in  mallards.  By  design  or 
necessity,  then,  each  trial  differed  from  all  others 
with  respect  to  dosage  levels  or  route  of  administration 
of  malathion  and  toxin,  age  of  the  birds,  or  environ- 
mental temperature. 

No  single  experiment  was  large  enough  to  give 
statistically  meaningful  results  in  itself.  By  inspection, 
however,  it  appeared  that  the  trend  was  the  same  in 
all  cases,  regardless  of  the  particular  experimental 
conditions,  in  groups  of  birds  treated  with  malathion 
before  the  administration  of  toxin  there  was  a  delay 
in  the  development  of  signs  of  intoxication  and  an 
appreciably,  but  not  remarkably,  lowered  death  rale. 
For  this  reason,  we  have  pooled  the  results  of  the  14 
experiments  and  summarized  them  in  table  I. 

Table  1.— The  effect  of  malathion  on  the  response  of 
mallard  ducks  to  oral  or  intraperitoneal  doses 
of  type  C  toxin 


Clinical  signs  at 
16  to  18  hr.  (number 
of  birds) 


Num- 

Intcr- 

Dcaths 

ber  of 

medi-  Sp- 

Num- Pcr- 

Treatment 

birds 

Slight' 

ate-  vere1 

ber  cent 

Group  A  (112- 

280  in  i?. 

Malathion 

plus  toxin)  .  _ 

•78 

23 

40  9 

51  65.4 

Group  B  (Con- 

trol: Toxin 

alone).   

80 

r. 

Ml  36 

74  92.5 

'Slight  means  normal  or  with  log  weakness  that  can  bo  detected  only  by 
careful  observation. 


•Intermediate  means  from  alight  but  obvious  leg  weakness  to  inability  to 
walk  and  difficulty  in  holding  the  head  erect. 

■Severe  means  prostration  or  dcat  h.  A  bird  was  considered  to  be  prostrate 
when  it  could  not  move  legs,  wings,  or  neck.  Commonly  a  careful  examina- 
tion was  necessary  to  determine  whether  or  not  death  had  occurred. 

•2  birds  died,  apparently  from  malathion  poisoning,  before  toiin  was 
administered. 
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In  our  laboratory  records,  \vc  place  birds'  reactions 
into  1 1  categories  according  to  the  degree  and  ana- 
tomical location  of  the  signs  of  paralysis.  Obviously 
they  sometimes  overlap,  and  fine  lines  cannot  be 
drawn  between  adjacent  categories.  For  the  purpose 
of  this  tabulation,  therefore,  we  have  divided  the 
birds  into  three  broader  classes  (table  1).  For  a  com- 
parison of  the  rate  of  development  of  paralysis  in 
group  A  (malathion  treated)  and  group  B  (control) 
birds,  the  clinical  signs  exhibited  at  the  first  observa- 
tion on  the  day  after  administration  of  toxin  arc 
used,  usually  a  period  of  16  to  18  hours. 

As  the  tabulation  shows,  the  number  of  mildly 
affected  birds  in  group  A  was  nearly  four  times  that 
in  group  B  at  16  to  18  hours.  By  contrast,  there  were 
only  one-fourth  as  many  prostrate  or  dead  birds  in 
group  A.  By  the  time  the  experiments  were  termi- 
nated, usually  after  I  week  of  observation,  the  mor- 
tality rate  was  about  27  percent  higher  in  the  control 
group. 

Discussion 

In  assessing  the  antitoxic  activity  of  malathion,  we 
should  keep  in  mind  that  cholincstcrase  inhibitors 
themselves  are  toxic.  However,  the  toxicity  of  mala- 
thion for  mallards,  as  judged  by  clinical  signs  only, 
varies  even  more  among  individuals  than  does  that  of 
type  C  toxin.  Two  birds  were  excluded  from  the 
results  summarized  in  table  1  because  they  died  after 
receiving  only  two  and  three  intraperitoneal  doses 
(112  and  168  mg.,  respectively).  Others,  included  in 
the  results,  showed  various  degrees  of  trembling  and 
leg  weakness  from  malathion  before  the  toxin  was 
administered.  In  another  study  (unpublished  data), 
12  mallards  were  given  repeated  intraperitoneal  doses 
of  malathion  to  determine  their  tolerance  to  the  pesti- 
cide alone.  Five  birds  died  after  cumulative  doses  of 
196,  224,  336  (two  birds),  and  504  mg.,  respectively. 
Seven  birds  survived  doses  of  336  (three  birds),  420 
(two  birds),  and  560  mg.  (two  birds)  without  apparent 
ill  effects.  This  broad  range  in  susceptibility  to  mala- 
thion has  also  been  noted  in  other  species.  Garner 
(4),  for  example,  lists  the  acute  LDso  for  male  rats  as 
200  to  5,000  mg.  per  kg  body  weight. 

Group  A  mallards,  therefore,  were  combating  two 
poisons,  both  of  which  were  quite  variable  in  their 
toxicity,  but  one  of  which,  either  directly  or  indirectly, 
was  somewhat  antagonistic  toward  the  other.  Judging 
from  the  observations  on  birds  injected  with  mala- 
thion alone,  we  are  probably  safe  in  assuming  that 
some  of  the  clinical  signs  and  mortality  in  this  group 
were,  in  part,  attributable  to  cholinesterase  inhibition. 
Once  the  toxin  was  administered,  however,  it  was 
difficult  to  distinguish  clearly  between  the  effects  of 
the  two  poisons. 


We  do  not  yet  have  enough  information  to  explain 
the  protective  action  of  malathion.  Brooks  (1)  states 
that  "Normal  postsynaptic  ACh  sensitivity  after  botu- 
linum  block  precludes  relief  by  action  of  anticholines- 
terases." Hugcs  and  Whaler  (5)  showed  that  escrinc 
and  tctraethyl  pyrophosphate  (TEPP),  both  anti- 
cholinesterases, accelerated  the  rate  of  paralysis  of  a 
rat  phrenic  nerve-diaphragm  preparation  by  type  A 
toxin.  The  findings  of  other  workers  have  been  simi- 
lar. Although  we  have  little  reason,  therefore,  to  be- 
lieve that  the  effect  of  malathion  was  related  to  its 
anticholinesterase  activity,  the  studies  of  these  workers 
have  been  concerned  largely  with  mammals  and 
amphibians,  and  wc  cannot  yet  conclude  that  the 
mode  of  action  of  botulinum  toxins  in  birds  is  pre- 
cisely the  same. 

If  we  assume  that  some  cases  of  botulism  result 
from  toxin  produced  within  the  body  of  the  bird,  we 
may  hypothesize  that  the  malathion  inhibits  this  pro- 
duction. In  our  experience  with  avian  botulism,  we 
have  found  no  real  evidence  that  type  C  toxin  is 
formed  in  the  digestive  tract  or,  particularly,  in  the 
parenteral  tissues  of  living  ducks.  We  have  carried 
out  a  few  preliminary  experiments,  however,  to  learn 
whether  malathion  inhibits  the  growth  of  C.  botulinum 
type  C  in  vitro.  Ten  parts  per  million  of  the  technical 
grade  formulation  in  lactalysate  yeast  autolysate  broth 
prevented  growth,  when  a  spore  inoculum  was  used. 
When  the  medium  was  inoculated  with  an  actively 
growing  culture,  growth  occurred,  but  some  inhibition 
was  noted. 

Our  current  studies  will  ultimately  show  whether 
malathion  detoxifies  toxin  within  the  body  of  a  bird. 
All  we  know  at  this  point  is  that,  in  the  test  tube, 
400-mousc  MLD  of  type  C  toxin  incubated  for  30 
minutes  with  10  mg.  of  malathion  in  a  total  volume 
of  10  ml.  is  just  as  toxic  for  mice  as  the  same  dose  of 
toxin  alone. 

We  do  not  now  anticipate  any  practical  application 
for  the  antitoxic  activity  of  malathion  in  the  control 
of  avian  botulism.  Even  the  minimum  effective  dose 
(which  we  have  not  yet  determined  with  certainty) 
would  probably  be  toxic  to  some  ducks  and  might  be 
even  more  so  to  other  wildlife  species.  We  shall  con- 
tinue these  studies,  however,  to  learn  how  the  pesticide 
mitigates  the  effects  of  the  toxin  and  this  information, 
perhaps,  will  make  possible  the  selection  of  less  toxic, 
more  effective  agents  that  could  be  safely  used  in  the 
field  for  control  of  the  disease. 
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Summary 

Natural  outbreaks  of  botulism  among  captive  minks 
occurring  in  April  1961,  at  Yoichi  and  Otaru,  and  in 
June  1904,  in  Asahikawa,  Hokkaido,  were  investi- 
gated. The  feed  ingredient  incriminated  for  the  earlier 
outbreak  was  the  meat  of  a  sperm  whale  (Physter 
catodon  I.inne)  caught  off  the  coast  of  Kiritappu, 
Hokkaido,  and  for  the  latter  outbreak  the  meat  of  a 
horse  which  had  died  with  colic-like  signs.  Type  Cj3 
botulinus  toxin  was  detected  in  the  remains  of  the 
sperm  whale  meat  and  the  horse  meat.  The  earlier 
outbreak  was  the  first  proven  to  be  due  to  other  than 
type  E  toxin  and  the  first  natural  outbreak  of  botulism 
in  livestock  in  this  country. 

A  high  susceptibility  of  the  mink  to  type  C  toxin 
by  oral  and  parenteral  administration  was  demon- 
strated. The  susceptibility  of  the  mink  to  types  A,  B, 
and  E  toxins  was  moderate,  it  was  lower  to  type  F 
and  the  mink  was  highly  resistant  to  type  D  toxin. 

These  outbreaks  emphasize  the  necessity  of  active 
immunization  of  minks  with  botulinus  toxoid  and  the 
necessity  for  sanitary  handling  and  processing  of  the 
raw  meats  used  for  feeding  minks  in  order  to  protect 
them  from  botulinic  hazard. 

Introduction 

Since  1951,  a  number  of  outbreaks  of  human  type 
E  botulism  due  to  izushi  have  been  reported  in  Hok- 
kaido and  in  the  northern  part  of  Honshu.  Extensive 
surveys  for  spores  of  C.  botulinum  made  in  this  coun- 
try detected  type  E  spores  in  high  frequency  in 
samples  of  soil,  lakeshore  mud,  fish,  etc.  Types  A  and 
B  organisms  were  very  rarely  found-  (4,  6).  No  report 
has  been  published  on  animal  botulism  or  on  the 
isolation  of  C.  botulinum  other  than  types  A,  B,  or  E 
in  Japan. 

Recently,  mink  raising  has  developed  in  Hokkaido 
for  the  production  of  fur  for  export.  It  was  observed 
at  times  that  a  number  of  minks  died  suddenly  and 
these  outbreaks  were  suspected  to  be  botulism. 

We  had  the  opportunity  to  carry  out  bacteriological 
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examinations  of  the  feedstuffs  incriminated  in  the 
sudden  deaths  of  minks  which  had  occurred  at  Yoichi 
and  Otaru  and  later  in  Asahikawa,  Hokkaido.  We 
demonstrated  the  presence  of  type  Cj3  toxin  in  the 
meat  of  a  sperm  whale  (Physter  catodon,  Linne)  and  in 
the  horse  meat.  This  paper  deals  with  the  features  of 
the  two  independent  outbreaks  of  botulism  among 
captive  minks,  with  the  laboratory  examinations  of 
the  incriminated  feedstuffs,  and  with  the  susceptibility 
of  the  mink  to  botulinus  toxins  of  different  types. 

Features  of  the  Outbreaks 

The  first  outbreak  occurred  in  April  1961.  Approxi- 
mately 200  minks  on  three  different  fur  farms,  one  at 
Otaru  and  the  other  two  at  Yoichi,  died  suddenly. 
The  feedstuff  common  to  all  the  farms  was  raw  meat 
from  the  same  whale  which  had  been  caught  off  the 
coast  of  Kiritappu,  Hokkaido,  in  October  1960,  and 
kept  in  frozen  stale  at  Otaru.  The  whale  meat  was 
mixed  with  other  foodstuff,  such  as  grain  and  vege- 
tables, and  fed  to  the  minks  in  the  evening.  During 
the  next  morning,  the  minks  became  ill  and  died 
within  1  to  2  days.  The  symptoms  recorded  were 
cyanosis  of  the  lips,  bleeding  from  the  nares,  diarrhea 
with  greenish  excreta,  salivation  and  paralyses.  Just 
before  death,  they  either  squatted  down  in  the  corner 
of  the  cage  or  were  frenzied. 

Another  outbreak  occurred  in  June  1964.  A  total 
of  1,249  (55  percent)  out  of  2,274  minks  on  a  fur 
farm  in  Asahikawa,  Hokkaido,  died  during  a  period 
of  5  days  with  such  symptoms  as  general  weakness, 
paralysis  of  lower  extremities  and  difficulty  in  breath- 
ing. The  minks  had  been  fed  with  the  meat  from  a 
horse  which  had  died  after  suffering  for  2  days  from 
colic-like  signs.  The  signs  recorded  were  similar  to 
those  reported  by  Quartrup  and  Holt  (7),  Dintcr  and 
Kull  (2),  Sehcibncr  (JO)  and  Avery  et  al.  (/). 

Laboratory  Findings 

In  the  earlier  outbreak,  carcasses  of  two  minks  and 
the  remaining  whale  meat  and,  in  the  later  outbreak, 
the  remaining  horse  meat  were  sent  to  the  Hokkaido 
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Institute  of  Public  Health.  The  postmortem  examina- 
tions of  the  mink  carcasses  revealed  no  particular 
pathological  changes  except  for  a  slight  congestion  of 
the  lungs  and  inflammation  of  the  intestinal  mucosa. 
No  significant  aerobic  pathogens  were  detected  in  the 
whale  meat,  the  horse  meat  or  in  the  main  organs  of 
the  mink  carcasses  with  such  culture  media  as  selcniie 
broth,  DCLS  asjar,  McConkey  agar  and  blood  agar. 

The  whale  meat  was  macerated  by  adding  with  an 
equal  amount  of  saline  and  ceiurifuged  at  3,000  r.p.m. 
for  15  minutes.  A  half  ml.  of  the  supernatant  fluid, 
injected  intraperitoneal!},  killed  a  mouse  in  a  few 
hours  with  the  signs  of  botulism.  One  gram  of  the 
whale  meat  contained  approximately  320  mouse  in- 
traperitoneal LD.yj.  The  same  extract,  when  heated 
for  10  minutes  at  90°  C,  did  not  cause  any  signs. 
Antitoxins  of  ty|xr  A,  B,  D,  E,  or  F  failed  to  protect 
the  mice  from  the  challenge  with  the  whale  meat 
extract;  only  type  C  antitoxin  neutralized  the  toxicity. 
A  mixture  of  a  dilution  of  the  International  Standard 
Antitoxin  containing  0.032  IL'/ml.  and  the  same 
amount  of  toxin  solution  containing  2")  I.D.-.o  nil.  of 
each  of  four  different  type  Cii  strains  and  also  of  the 
whale  meat  was  not  toxic.  The  same  amount  of  the 
antitoxin  failed  to  neutralize  the  same  dose  of  a  type 
Ca  toxin  (table  1).  Therefore,  the  toxin  in  the  whale 
meat  appeared  to  be  type  Cjtf  rather  than  Ca. 

The  remnant  of  the  horse  meat  contained  a  toxicity 
of  320  intraperitoneal  MED/g.  and  a  sample  from 
die  frozen  meat  contained  approximately  10  MLD.'g. 

Table  1.— Neutralization  tests  with  international  standard 
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'Given  by  Dr.  C.  E.  Dolman,  University  of  British  Columbia.  Vancouver. 
<Oivcn  by  Dr.  J.  Muller,  State  Veterinary  Serum  Laboratory.  Copen- 
hagen. 

'Given  by  Dr.  A.  R.  Prev6t,  l'Institute  de  Pasteur.  Paris. 


Note. — Equal  volumes  ot  toxin  and  antitoxin  were  mined.  2  miiv  were 

Mire  died 

injected  Intra  peri  turn-ally.  The  frartional  numbers  indicate  Number  Injected. 


The  toxin  was  identified  in  the  same  manner  as  type 
Qi. 

Although  there  were  considerable  difficulties, 
cultures  of  C.  botulinum  type  C  were  isolated  from  the 
whale  meat  and  the  horse  meat  on  soy-yeast  cxtract- 
sullile  agar  (J3)  plates  streaked  with  the  young  cul- 
tures in  cooked  liver  broth. 

Susceptibilities  of  the  Mink  to  the  Botulinus 
Toxins  of  Different  Types 

Botulinus  toxins  of  types  A,  B,  C  (a  and  0),  D,  E, 
and  F  cause  essentially  the  same  signs  in  laboratory 
animals.  The  minimum  lethal  doses  of  the  toxins  of 
different  types  are  different  from  one  species  to  an- 
other. It  is  generally  accepted  that  the  mink  is  most 
highly  susceptible  to  type  C  toxin. 

We  reexamined  the  susceptibility  of  the  minks  to 
types  A,  B,  C,  D,  E,  and  F  toxins  at  Hokkaido  Live- 
stock Experiment  Station  at  Takikawa,  Hokkaido  in 
December  1962  and  1963,  just  before  taking  the  furs. 

All  the  toxic  materials,  except  type  E,  were  pre- 
pared from  culture  filtrate  by  repeated  precipitations 
with  50  percent  saturation  of  ammonium  sulfate.  The 
third  ammonium  sulfate  precipitate  was  dialyzcd 
against  distilled  water  and  lyophilized.  Type  E  toxin 
was  partially  purified  from  the  trypsinized  cell  extract 
according  to  the  method  of  Sakaguchi  and  Sakaguehi 
and  kept  in  frozen  state.  The  specific  toxicities  of 
the  materials  are  shown  in  table  2. 

Table  2.— Specific  toxicities  of  the  toxins 
administered  to  minks 


Type  of  toxin  Strain  used  Mouse  ip  LDM/mi?.N 


A  

 Type  A,  91'  

4.03  x 

10" 

H  

.Type  B,  N1H- 

I.HI  x 

lo« 

Ca  

8.44  x 

10' 

C0 

...Typc  (.:,  571  .  .  . 

1  .(ifi  x 

10" 

C;i   

Type  C,  D46f! 

«>.4f!  x 

in- 

D. 

...   __Tvpe  13,  lH7:i. 

2.27  x 

to7 

2.01  x 

1()7 

1  

!i.0»  x 

10A 

'Oivnn  by  the  Institute  for  lnfectiou»  Disease*.  Tokyo. 

'Given  by  the  National  Institutes  of  Health,  |tethr*.da. 

'(liven  by  Dr.  C.  K.  Dolman.  University  of  British  Columbia,  Vancouver. 

•Given  by  Dr.  V.  Mnllvr.  Statrns  Seruminstitut,  Copenhagen. 


The  materials  were  dissolved  in  0.05  M  phosphate 
buffer,  pH  6.0,  and  all  the  toxin  solutions  were  diluted 
tenfold  serially  in  the  same  buffer  so  that  1.0  ml. 
portions  should  contain  from  1  x  10s  to  1  x  10" 
mouse  intraperitoneal  LD.>n.  Two  minks  were  injected 
with  toxin  intraperitoneal!}'  and  another  two  were 
administered  the  toxin  orally  at  a  dose  of  1.0  ml.  of 
each  dilution.  The  minks  were  observed  for  7  days. 
When  one  or  both  minks  died  within  7  days  with  the 
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Table  3.-Susceptibilities  of  the  mink  to  botulinus  toxins  of 


Dose  in  terms  of  mouse  intraperitoneal  LD50 


10" 

10: 

10" 

10s 

io« 

103 

102 

10' 

|l}0 

A  

2/2 
2/2 
2/2 

2/2 
2.2 

2/2 
1/2 
2.2 

2/2 
0/2 
2/2 
2/2 

B  

Ca   

2/2 

0/2 
2/2 
2/2 

Ci(C  571)  

0/2 
0/2 

0/2 
0.2 

QJ(D  468)  

2/2 

2/2 

D   

2/2 

2/2 

0/2 
2/2 
2/2 

0/2 

E  

2/2 
0/2 

2/2 
0:2 

0/2 
0/2 

0/2 

F  

Mink  died 

Notk.-  -The  fractional  numfcwra  indirau-  Numbvr  in)<*-t«d 

Table  4.— Susceptibilities  of  the  mink  to  botulinus 
toxins  of  different  types  administered  orally 

Dose  in  terms  of  mouse 
intraperitoneal  LDjo 


Toxin  type 


10s    I07     10°     105    10*     103  10* 


A    2.2    0/2  0/2 

B   0/2  0/2 

Co   2/2  2/2 

Cii  (C  571)  -  2/2 

Cfl(D4<S8)   2/2 

D  ..  0/2    0/2  0/2 

E   1/2    0/2  0/2 


0/2   

I  2  0/2  0.  2 
2/2   0/2  0/2 


0/2 

F   0/2    0/2  0/2 


 Mink  died 

NOTB. — The  fractional  numbora  indicate  Number  administered 


signs  of  botulism  the  mouse  intraperitoneal  I.D.10 
contained  in  the  inoculum  was  regarded  as  a  mini- 
mum lethal  dose  for  the  mink.  The  results  of  the 
susceptibility  tests  are  shown  in  tables  '.i  and  4. 

Minimum  lethal  doses  for  the  mink  by  intraperiton- 
eal injection,  in  terms  of  mouse  intraperitoneal  LD.>(|, 
were  103  or  less  for  type  A,  104  for  type  B,  103  for 
type  C«,  102  for  type  Cp,  107  for  type  D,  10*  for 
type  E,  and  10H  for  type  F;  those  by  oral  administra- 
tion were  107  for  type  A,  10"  or  larger  for  type  B,  10"' 
for  type  Ca,  10*  for  type  Cj3,  10'*  or  larger  for  type 
D,  10"  for  type  E,  and  I07  or  larger  for  type  F. 

It  was  reconfirmed  that  the  mink  is  most  susceptible 
to  type  C/J  toxin  both  by  intraperitoneal  and  peroral 
administration.  The  mink  seemed  to  be  slightly  less 
susceptible  to  C«  toxin.  The  susceptibility  of  the  mink 
to  the  toxins  of  types  A,  B,  and  E  seemed  to  be 
essentially  the  same,  that  to  type  F  seemed  to  be 
lower  than  types  A,  B,  or  E,  and  that  to  type  D  the 
lowest  by  cither  route. 

Discussion 

Outbreaks  of  botulism  among  animals  had  not 
been  reported  in  Japan  before  1961.  Until  that  time- 


only  type  E  human  botulism  due  to  izushi  or  similar 
kinds  of  foodstuffs  had  been  reported.  Isolates  from 
soil  and  odicr  materials  collected  in  this  country  de- 
tected mostly  type  E  organisms;  very  few  type  A  and 
B  isolations  have  been  reported  (4,  6). 

Type  C|3  toxin  was  demonstrated  from  the  sperm 
whale  meat  and  the  horse  meat  incriminated  in  the 
outbreaks  of  botulism  among  minks,  and  cultures  of 
C.  botulinum  type  C  were  isolated.  The  facts  indicate 
that  C.  botulinum  type  C/J  may  also  be  distributed  in 
Japan. 

The  whale,  caught  off  the  coast  of  Kiritappu,  Hok- 
kaido, was  not  intended  for  human  consumption,  since 
sperm  whale  meat  has  a  very  bad  odor.  The  carcass 
of  the  horse  which  died  from  colic-like  signs  should 
have  been  condemned.  In  recent  years,  however, 
mink  raising  has  become  very  popular  in  Hokkaido 
and  such  hitherto  condemned  materials  are  utilized 
for  feeding  them.  It  is  not  known  whether  the  whale 
and  the  horse  had  originally  carried  C.  botulinum 
type  Cfi.  It  is  likely  that  the  carcasses  of  the  whale 
and  the  horse  were  dressed  under  unsanitary  condi- 
tions and  that  a  long  time  elapsed  before  they  were 
frozen.  No  matter  whether  the  whale  and  the  horse 
originally  carried  type  C  organisms  or  were  contami- 
nated during  die  dressing,  it  seems  that  there  was 
sufficient  time  to  allow  the  organisms  to  grow  and 
develop  the  lethal  toxin  in  the  meat. 

Quortrup  and  Gorham  (8),  Moll  and  Brandly  (5), 
Wagenaar,  Dack,  and  Mayer  (12),  Dinter  and  Kull 
(3)  and  Schcibncr  (10)  pointed  out  that  the  mink  is 
more  highly  suceptible  to  type  C  toxin  than  to  types 
A,  B,  D,  or  E  toxins.  The  ratio  of  the  mink  lethal 
dose  by  oral  administration  of  type  A  toxin  to  that  of 
type  C  toxin  was  found  to  be  250: 1  by  Quortrup  and 
Gorham  (8)  and  400:1  by  Dinter  and  Kull  (3).  The 
corresponding  ratio  found  in  the  present  investigation 
was  100:1  with  respect  to  type  Ca  toxin  and  1,000:1 
with  type  Q3  toxin.  Quortrup  and  Gorham  (8)  and 
Moll  and  Brandly  (5)  reported  that  minks  are  more 
highly  susceptible  to  type  B  toxin  than  to  type  A 
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toxin  whereas  in  the  present  investigation  such  was 
not  the  case.  The  former  authors  reported  that  the 
mink  is  very  highly  resistant  to  type  E  toxin  whereas 
our  data  show  that  it  is  as  susceptible  to  type  E  as 
to  types  A  and  B.  Scheibncr  (10)  reported  that  the 
mink's  susceptibility  to  type  D  toxin  is  the  second 
highest  whereas  the  present  results  show  that  it  is 
more  resistant  to  type  D  toxin  than  to  any  other 
types. 

Minks  must  be  fed  on  raw  animal  or  fish  meat  in 
order  to  keep  the  fur  in  good  condition.  If  the  meat  is 
contaminated  with  type  C  organisms,  the  chance  of 
botulism  occurring  is  very  high.  The  possibility  of 
contamination  of  meat  with  type  C  toxin  through  fly 
larvae  was  suggested  by  Wagenaar,  Dack,  and  Mayer 
(12).  Insanitary  handling  of  raw  fish  and  raw  meat 
for  mink  feed  would  be  very  dangerous. 

Thus,  to  prevent  botulism  in  minks,  sanitary  handl- 
ing and  processing  of  raw  fish  and  meat  seem  to  be 
essential.  Vaccination  of  minks  with  botulinus  toxoid 
must  also  be  done  immediately  in  this  country.  In 
European  and  North  American  countries,  vaccination 
of  minks  with  type  C  monovalent  or  types  A,  B,  and 
C  trivalcnt  toxoid  is  practiced.  Eighty-five  percent  of 
the  mink  population  in  this  country  is  located  in 
Hokkaido,  where  type  E  spore  distribution  is  very 
heavy.  Since  type  E  mink  botulism  was  reported  in 
Norway  (77)  and  a  considerably  high  susceptibility  of 
the  mink  to  type  E  toxin  was  demonstrated,  it  may 
be  worth  adding  type  E  to  the  toxoid  employed  for 
immunization  of  minks. 
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SENSITIVITY  AND  IMMUNE  RESPONSE  OF  FRESH-WATER  FISHES 
TO  CLOSTRIDIUM  BOTULINUM  TYPE  E  TOXIN 


by  HlKOKICHl  HlROKI 
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Summary 

All  of  the  15  species  of  fresh  water  fish  tested  were 
susceptible  to  Clostridium  bolulinum  type  E  toxin.  No 
particular  differences  in  the  susceptibility  were  ob- 
served among  the  different  species  of  fish.  Character- 
istic histopathological  changes,  especially  edematic 
degeneration  of  the  respiratory  epithelium,  were  noted 
in  the  morbid  fish.  The  administration  of  type  E 
antitoxin  to  the  fish  that  had  been  inoculated  with 
type  E  toxin  protected  them  from  intoxication  if  the 
antitoxin  was  administered  sufficiently  early.  The  ad- 
ministration of  type  E  toxoid  in  two  doses  induced  a 
specific  immunity  in  the  fish. 


Introduction 

The  botulism  outbreaks  that  occurred  in  northern 
parts  of  Japan  (in  Hokkaido  and  in  Akita,  Yamagata, 
Aomori,  and  Iwate  Prefectures)  were  principally 
caused  by  "izushi".  The  main  ingredient  of  izushi 
was  either  sea  or  fresh  water  fish  caught  in  the  partic- 
ular district.  Fifteen  species  of  sea  water  fish  and 
eight  species  of  fresh  water  fish  have  been  involved  in 
the  incriminated  izushi.  The  fish  were  caught  in  rivers, 
marshes,  lakes,  or  seas  of  the  districts  involved. 

During  the  16  years  from  1951  to  1967,  there  were 
35  proved  outbreaks  in  Hokkaido  involving  231 
cases  and  43  deaths.  The  mortality  rate  was  18.7 
percent.  In  this  area,  13  species  of  fish  were  used  to 
prepare  the  izushi.  Among  these  13  species,  karci  was 
involved  in  12  outbreaks  (34.3  percent)  and  hatahata 
in  10  outbreaks  (28.6  percent).  Outbreaks  caused  by 
the  other  species  occurred  at  lower  frequencies. 

Fish  undoubtedly  played  an  important  role  in  the 
outbreaks  of  type  E  botulism  in  Japan  by  izushi,  a 
particular  type  of  food,  as  a  vector.  It  is  not  known, 
however,  whether  fish  are  susceptible  to  botulinus 
toxin,  whether  the  susceptibility,  if  any,  is  different 
from  one  species  to  another,  or  whether  fish  show  an 
immune  response  to  the  toxin.  The  author  attempted 
to  answer  these  questions.  The  results  will  be  described 
in  this  paper. 
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Materials  and  Methods 

Fresh  water  fish.— For  the  present  investigation, 
mainly  koi  and  kingyo  were  used.  Carps  (Cyprinus 
carpiol)  were  of  Japanese  origin  (kinkabutokoi  and 
magoi),  aged  6  to  7  months  and  weighing  about  70 
to  80  g.  Goldfish  {Carassius  carassium  auratus  Line)  used 
were  also  of  Japanese  origin  (Wakin),  weighing  50  to 
60  g. 

Eleven  additional  species  of  fresh  water  fish  were 
used  for  part  of  the  investigation.  These  had  been 
caught  at  Lake  Kasumigaura,  Ibaragi  Prefecture. 
The  majority  were  young  fish.  They  were  kept  in  a 
lank  at  15°  to  1 7°  C.  for  a  week  in  the  laboratory  and 
only  healthy  fish  were  subjected  to  the  experiments. 

Bacterial  strains  and  toxins.— C.  bolulinum  type  A 
strain  97  and  type  E  strains  Iwanai  and  35396  were 
provided  by  the  National  Institute  of  Health,  Tokyo. 
Each  strain  was  grown  in  cooked-liver  broth  for  5  days 
at  30°  C.  The  culture  was  then  centrifuged  at  8,000 
r.p.m.  for  20  minutes.  The  supernatant  fluid  was 
used  as  the  crude  toxin  material.  A  highly  purified 
type  E  activated  toxin  was  provided  by  Dr.  G.  Saka- 
guchi  of  the  National  Institute  of  Health,  Tokyo. 
The  material  contained  1.3  x  109  LDso/mg.  nitrogen 
and  gave  a  single  boundary  in  ultracentrifugal  analy- 
sis with  an  S2o,w  of  approximately  1 1.5. 

Antitoxin.— A  lyophilized  preparation  of  type  E 
antitoxin,  lot  4,  containing  8,400  IU  per  vial  prepared 
by  the  National  Institute  of  Health,  Tokyo,  was  pro- 
vided by  the  courtesy  of  Dr.  H.  Rondo  of  the  Institute. 

Toxoid.— Botulinum  toxoid  type  E  for  human  use, 
aluminum-phosphate  precipitated,  lot  3,  was  provided 
by  Dr.  Kondo. 

Results  and  Discussions 

Susceptibility  of  fresh  water  fishes  to  type  E 
toxin.— Young  fish  of  12  different  species  were  used 
for  the  tests.  Crude  type  E  toxin  was  diluted  tenfold 
serially  in  sterile  saline  and  0.1  or  0.2  ml.  of  each 
dilution  was  injected  intraperitoneal!)'  into  the  fish. 
The  inoculated  fish  were  observed  for  6  days.  The 
results  are  shown  in  table  1.  All  the  inoculated  fish 
died  in  1  to  5  days,  showing  that  fish  are  highly 
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Table  1.— Susceptibility  of  various  species  of  fresh 
water  fish  to  Clostridium  Botulinum  type-E  toxin 

Cumulative  dead  per 
inoculated  on  days 
□n 


! 


4/5  5/5 


Cyprinus  carpiol    3/5 

Carassius  carassius  curieri.   2/5 

Carassius  carassius  auralus   5/5 

Sarcochrilichlhys  rariegatus.  . .   5/5 

Hypophthalmichthys  molitrix   5/5 

Pseudoras  bora  parvo  -  5/5 

Gnathopogen  elongates  tlongatus   2/5 

Trident  iger  obscurus  -  5/5 

Abboltina  rindaris   4/5 

Pseudoras  bora  parva   5/5 

Pseudoperilampus  typus   5/5 

Acheilognathus  lanceolata   5/5   

Hemibarbus  barbus   1/5    4/5  5/5   

Misgurms  anguiilicaudautus   5/5   . 

Anguilla  japotica    0/5    1/5    3/5  4/5 


4/5  5/5 
5/ 5" 


5  /5 


Not*.— All  fiah 
Itrate  of  type  E 


0.1 


•  -A. 


.  of 


0.2  ml. 


susceptible  to  type  E  botulinus  toxin.  No  appreciable 
difference  in  the  susceptibility  was  found  among  the 
1 5  species  of  fish. 

The  objective  signs  and  the  histopathological 
changes  of  the  fish  (carps)  inoculated  with  type-E 
toxin.— The  carps  inoculated  with  type  E  toxin  de- 
veloped the  following  objective  signs.  From  about  an 
an  hour  after  the  innoculation,  the  rate  of  branchial 
respiration  increased  gradually  until  the  4th  or  5th 
hour,  after  which  it  decreased.  From  about  2  to 
3  hours  after  the  inoculation,  secretion  of  slime  was 
noted  on  the  surface  of  the  scales.  The  amount  of  slime 
increased  gradually.  Sometimes,  the  slime  formed  a 
membranous  coat  and  a  part  of  the  coat  came  off. 
The  swimming  activity  decreased  gradually.  Some- 
times, the  fish  did  not  swim  at  all.  When  the  disease 
was  very  severe,  the  fish  turned  laterally  and  the 
branchial  respiration  stopped  before  death. 

The  fish  inoculated  intrapcritoneally  with  the  crude 


or  the  purified  type  E  toxin  were  killed  on  the  fifth  to 
the  seventh  day  when  the  signs  were  most  severe. 
Specimens  were  taken,  fixed  in  10  percent  formalin 
solution,  sectioned,  and  stained  with  hematoxylin- 
eosin  for  microscopic  examinations. 

In  the  carp  inoculated  with  type  E  toxin,  the 
branchi  and  kidneys  showed  the  greatest  pathological 
changes.  No  apparent  changes  were  noted  in  the  liver, 
the  pancreas,  or  the  spleen. 

Histopathological  changes.— The  most  marked  his- 
topathological changes  in  the  carp  were  edema  tic  de- 
generation of  the  respiratory  epithelium.  Degeneration 
of  the  capillary  blood  vessels  and  cell  infiltration  were 
also  observed.  A  marked  atrophy  of  the  slime  cells 
was  observed.  These  cells  had  enlarged  nuclei,  which 
were  heavily  stained  with  hematoxylin.  No  particular 
secreted  substances  were  found. 

Histopathological  observations  of  the  nervous  sys- 
tem were  not  made. 

Passive  immunization  of  fresh  water  fishes 
(kingyo,  koi  and  Misgurnus  anguiUicttudaupus) 
with  type  E  antitoxin. 

Passive  immunization  of  goldfish. — For  this  experi- 
ment, 23  goldfish  (wakin),  weighing  50  to  60  g.  were 
injected  intrapcritoneally  with  0.1  ml.  of  the  crude 
type  E  toxin,  containing  at  least  800  mouse  lethal 
doses.  At  intervals  of  1,  3,  5,  10,  12,  or  24  hours  later, 
each  of  three  fish  received  0.3  ml.  of  the  antitoxin 
containing  an  antitoxic  potency  of  840  IU/ml.  by 
intraperitoneal  injection  in  the  side  opposite  the  site 
of  the  toxin  injection.  The  fish  were  observed  for  7 
days.  The  hVe  fish  of  the  control  group  received  the 
toxin  only. 

As  seen  in  table  2,  those  fish  which  received  the 
antitoxin  1,  3,  or  5  hours  after  the  toxin  injection 
developed  no  symptoms.  Deaths  occurred  among  the 
fish  that  received  the  antitoxin  at  the  eighth  hour  or 
later  after  the  toxin  injection.  All  the  fish  of  the 
control  group  that  had  received  no  antitoxin  died 
within  24  hours.  The  results  show  that  if  antitoxin  is 
administered  widiin  5  hours  after  injection  with  toxin 


Table  2.— Effect  of  botulinum  antitoxin  type  E  in  Carassius  carassius  auratus 


Time  in  hours  between 
toxin1  and  antitoxin2 
injections 


1 


Cumulative  deaths  per  inoculated 
on  days  postinoculation  of  toxin 


14 


1— -  

3  

5  

10  

12  

24.. ------- 

No  antitoxin . 


0/3 
0/3 
0/3 
3/3 
1/3 
2/3 
3/3 


1/3 
2  3 


1/3 

2/3 


1/3 

3/3 


1/3 


1/3 


1/3 


2/3 


2/3 


'Toxin:  AH  fiah  received  0.1  ml.,  intraperitoneal!)',  of  filtrate  of  a  culture 
of  type  E,  t 


'Antitoxin:  flotulintu antitoxin,  typo  E,  2W  IU/0.3  ml.,  intraperitoneal!)'. 
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of  a  considerably  high  potency,  the  fish  are  protected 
from  development  of  botulism. 

Passive  immunization  of  carp. — A  total  of  20 
carp  (magoi)  weighing  70  to  80  g.  were  used.  The 
fish  were  injected  with  0.2  ml.  of  1  to  5  dilution  of 
the  crude  toxin,  followed  by  0.5  ml.  of  the  antitoxin, 
injected  intrapcritoncally,  at  intervals  of  1,  3,  8,  or 
10  hours.  The  fish  were  observed  for  14  days.  The 
results  are  shown  in  table  3.  All  15  of  the  carp  that 


Table  3  - Effect  of  botulinus  antitoxin  type  E  In 
Cyprfnus  cerp/of 

Time  in  hours  between  toxin1  and 

antitoxin'  injections  Deaths  per  total 

I  —                                              .  0/3 

3                          .                        -  0/3 

5    0/3 

8    0/3 

10   '1/3 

No  antitoxin   <5/5 

'Toxin:  AH  fiah  received  0.2  ml..  intraperitoneally,  of  a  1:5  dilution  of  a 
filtrate  of  a  culture  of  type  E,  strain  35.196. 

'Antitoxin.  Botulinus  antitoxin,  type  E  420  IU/0.5  ml.,  intraperitoneally, 
o (nervation  period,  14  daya  after  toxin  administration. 

■The  death  occurred  in  the  13th  day  of  observation. 

«4  death*  occurred  within  1  day  and  the  5th  death  in  the  2nd  day, 
poattoxin,  of  observation. 

received  the  antitoxin  surv  ived,  while  all  five  fish  of 
the  control  group  died  in  1  or  2  days. 

Passive  immunization  of  Misgurrtus  anguilli- 
caudaupus.—Mts.  anguillicaudaupus,  weighing  20  g. 
were  injected  with  0. 1  ml.  of  a  1  to  20  dilution  of  the 
crude  toxin  followed  by  0.3  ml.  of  the  antitoxin,  intra- 
peritoneally at  1,  3,  5,  8,  10,  12,  24,  or  48  hours  after 
the  toxin  injection.  The  fish  were  observed  for  14  days. 
The  results  are  shown  in  table  4. 

The  fish  that  received  the  antitoxin  1,  3,  or  5  hours 
after  the  toxin  injection  did  not  develop  any  signs. 


Table  4.— Effect  of  botulinum  antitoxin  type  E  in 
Misgurnus  anguillicaudautus 

Period  in  days  after  injection  of 

t™.  :„  u   antitoxin,  cumulative  deaths  per 

Tune  in  hours  total  on  days  posttoxin 

between  toxin'    '  ^   

and  antitoxin1 

injections  1        2        3        4        5  14 

I   0/3  0/3  0/3  0/3  0/3  0/3 

3    0/3  0/3  0/3  0/3  0/3  0/3 

5    0/3  0/3  0/3  0/3  0/3  0/3 

8    0/3  0/3  0/3  1/3  1/3  1/3 

10  _   0/3  0/3  0/3  1/3  1/3  1/3 

12    0/3  1/3  2/3  3/3  3/3  3/3 

24   0/3  2/3  3/3  3/3  3/3  3/3 

48    0/3  0/3  1/3  3/3  3/3  3/3 

No  antitoxin   2/10  5/10  10/10  10/10  10/10  10/10 

'Toxin:  All  fiah  received  0.1  ml.,  intraperitoneally,  of  a  1-20  dilution  of  a 
filtrate  of  a  culture  of  type  E.  strain  35396. 
'Antitoxin-  Dorulinus  type  E,  253  1U/0.3  ml..  I 


Those  that  received  the  antitoxin  8  or  10  hours  after 
the  toxin  injection,  developed  signs.  Two  of  three  in 
each  group  recovered  in  a  few  days  but  the  remaining 
one  in  each  group  showed  more  severe  signs  and 
died.  All  the  fish  that  received  the  antitoxin  12  hours 
or  later  after  the  challenge  with  the  toxin  died  in  1  to 
5  days.  All  of  the  control  group  died  in  1  to  3  days 
after  the  toxin  inoculation. 

From  the  foregoing  experiments,  it  is  apparent 
that  passive  immunization  against  type  E  botulinus 
toxin  is  bestowed  upon  fish  (kingyo,  koi,  and  Mis. 
anguillicaudaupus)  just  as  it  is  upon  warmblooded  ani- 
mals. 


Active 


of  fish  against  type  E 


Active  immunization  of  carp  with  type  E  tox- 
oid.—Eight  carp  weighing  50  to  60  g.  were  injected 
intraperitoneally  with  type  E  toxoid,  lot  3,  in  two 
doses,  0.2  and  0,3  ml.,  at  a  7-day  interval.  Some  38 
days  later,  the  carps  were  challenged  by  intraperito- 
neal injection  with  0.2  nil.  of  1  to  50  dilution  of  the 
purified  toxin.  The  challenged  fish  were  observed  for 
14  days. 

No  objective  abnormalities  nor  deaths  were  found 
in  any  of  the  eight  carp  during  the  14  days,  while  all 
five  carp  of  the  control  group  died  within  1  day  after 
the  challenge  with  the  toxin.  The  results  proved  that 
fish  (carp)  respond  to  the  botulinus  toxoid  in  the 


Table  5.— Specificity  of  the  immunity  acquired  by 
immunization  of  Cyprlnus  carpiol  with  type  E  toxoid 

Cumulative 
dead  per 
inoculated 
during  7-day 
jbscrvation 


Immunization 


Toxin  challenge 


period 


Type  E,  crude  toxin, 
1.3  dilution,  0.2 
ml.,  intraperito- 
neally. 


Survivors,  after  immu- 
nization with  type  E 
toxoid  and  subsequent 
challenge  with  type  E 
toxin.1 

A,  crude  toxin, 
:50  dilution, 
0.2  ml.,  intraperi- 
toneally. 

None  Type  E,  crude  toxin, 

1:3  dilution, 
0.2  ml.,  intraperi- 
toneally. 

Do  Type  A,  crude  toxin, 

1:50  dilution, 
0.2  ml.,  intraperi- 
toneally. 


■These  fish  received  2  inoculations  of  type  E  toxoid,  0.2  and  0.3  ml.,  7 
days  apart.  They  survived  subsequent  challenge  with  purified  type  E  toxin 
(5SA15-G-d),  1:50  dilution,  0.2  ml.,  intraperitoneally  administered  38 
days  after  immunization. 

•All  deaths  within  3  daya. 


0/4 

H/4 
*3/3 
»3/3 
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same  way  as  warmblooded  animals,  producing  active 
immunity. 

Spccifiicity  of  the  immune  response  of  the  fish 
(carp)  to  type  E  toxoid.— The  eight  carp  immun- 
ized with  the  type  E  toxoid  and  surviving  the  chal- 
lenge with  type  E  toxin  in  the  preceding  experi- 
ment were  divided  into  two  groups  of  four  each,  A 


and  B.  The  A  group  fish  were  challenged  again  with 
a  1  to  3  dilution  of  type  E  crude  toxin  and  the  B 
group  with  a  1  to  50  dilution  of  type  A  crude  toxin. 
The  A  group  developed  no  symptoms;  all  of  the  B 
group  died  after  the  challenge  with  type  A  toxin, 
(table  5).  The  results  confirmed  that  the  active  im- 
munization established  in  the  fish  was  a  specific  one. 
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Botulism  as  a  disease  has  probably  been  known  for 
centuries,  but  as  an  entity  associated  with  food  poi- 
soning and  identified  bacteriologically,  its  history  is 
less  than  a  hundred  years  old.  Dr.  Charles  S.  Petty 
(9),  writing  on  this  disease,  remarked  that  since  Van 
Ermcngem  described  it  and  isolated  the  causative 
organisms  in  the  1890's,  nearly  6,000  cases  have  been 
recorded  throughout  the  world  and  more  than  1,700  of 
these  died.  This  is  a  relatively  small  number  of  fatali- 
ties in  a  70-year  period,  yet  there  have  been  more 
than  1,500  publications  on  the  subject— nearly  one 
for  every  fatal  case— which  is  a  good  indication  of 
the  high  level  of  interest  the  disease  has  aroused 
throughout  the  world.  For  information  on  incidence 
and  types  involved,  reviews  by  Matveev  in  1959  (7), 
Lewis  and  Cassel  in  1964  (6),  Meyer  and  Eddie  in 
1965  (8),  and  Ingram  and  Roberts  in  1966  (3)  may 
be  consulted.  The  vast  majority  of  cases  arc  related 
to  the  ingestion  of  food  containing  preformed  toxin, 
and  human  botulism  is  nearly  always  caused  by  types 
A,  B,  or  E.  Petty  (5*)  noted,  however,  that  the  other 
tyDes  have  been  observed  on  rare  occasions.  Some 
workers  are  convinced  that  many  cases  of  botulism 
should  be  considered  toxinfections  tliat  result  not  only 
from  the  effects  of  preformed  toxin,  but  from  addi- 
tional amounts  of  toxin  produced  by  growth  of  the 
organisms  in  the  intestinal  tract  (9).  In  a  few  instances, 
symptoms  have  been  produced  by  wound  infections 
or  by  the  inhalation  of  an  aerosol  containing  the 
toxin  (9).  Such  cases  are  admittedly  rather  rare, 
but  they  represent  potential  hazards  associated  with 
laboratory  manipulation  of  the  toxins  against  which 
workers  should  guard  themselves. 

Botulism  has  been  traditionally  associated  with  im- 
proper home  preservation  of  foods  by  canning  or 
curing.  The  data  reported  by  Meyer  and  Eddie  (8) 
indicate  that  homemade  foods  account  for  roughly  90 
percent  of  the  outbreaks  and  85  percent  of  the  cases 
occurring  in  the  United  States  and  Canada.  Govern- 
ment agencies  continue  to  urge  home  processors  to 
use  safe  processes,  and  the  serving  of  home-preserved 
foods  in  public  eating  places  is  generally  prohibited. 
There  is,  however,  even  greater  concern  about  the 
safe  processing  of  commercial  products,  which,  if  toxic, 
could  affect  very  large  numbers  of  consumers.  With 
this  thought  in  mind,  the  remainder  of  the  discussion 
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will  be  devoted  entirely  to  the  botulinal  hazards  of 
commercial  food  processing  and  distribution. 

The  interest  in  botulism  in  relation  to  food  produc- 
tion and  preservation  increases  and  declines  in  direct 
proportion  to  the  reported  incidence  during  a  partic- 
ular period  of  time.  In  the  early  part  of  this  century,  a 
high  level  of  interest  was  aroused  in  the  United  States 
by  the  occurrences  of  botulism  related  to  commer- 
cially canned  foods  such  as  clam  juice,  pork  and  beans, 
string  beans,  olives,  tunafish,  and  other  products. 
The  research  engendered  by  this  interest  produced 
the  information  that  has  made  American  canned 
foods  the  safest  commodity  on  the  grocers'  shelves. 

To  demonstrate  the  changes  in  trends  of  botulism 
associated  with  commercially  produced  foods,  table  1 
shows  the  foods  that  were  involved  in  outbreaks  from 
1921  to  1940  in  the  United  States.  Of  24  such  out- 
breaks recorded  in  this  20-year  period,  all  were  from 
commcrically  canned  foods,  and  included  spinach, 
olives,  sardines,  potted  meat,  milk,  salmon,  sprats, 
and  tuna.  A  total  of  1 10  cases  occurred,  and  there 
were  45  deaths  (40.9  percent).  Of  these  outbreaks,  15 
occurred  in  the  1920's  and  nine  in  the  1930's,  thus 
indicating  a  gradual  decline  in  prevalence. 

Table  2  summarizes  the  occurrence  of  botulism- 
associated  foods  processed  commercially  in  the  United 


Table  1.— Botulism  associated  with  commercially  prepared 
foods  in  the  United  States, 
1921-40 


Commer- 

Out- 

Year 

Food 

cial  pack 

break 

Cases 

Deaths 

1921 

Canned 

...5 

42 

10 

1922 

Spinach  

 do.... 

...2 

11 

6 

1924 

22 

» 

1925 

Sardines,  spinach, 

potted  meat  

 do.... 

...4 

13 

9 

1929 

 do.... 

1 

2 

1 

1931 

Milk,  antipasto, 

sardines  

 do... 

...3 

<> 

2 

1932 

Salmon  

 do.... 

...1 

1 

1 

1933 

Crab,  salmon  

 do.... 

...2 

2 

1 

1934 

Sprats  

 do... 

...1 

:( 

1 

1936 

Clams  (Japan)  

.  do  

...1 

4 

4 

1938 

 do.... 

1 

2 

2 

24 

110 

45 
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Table  2.— Botulism  associated  with  commercially 
prepared  foods  in  the  United  States,  1941-67 


Commer-  Out- 
Year  Food  rial  pack    break  Cases  Deaths 


1941 

Mushroom  sauce. . 

..Canned  1 

3 

1 

1951 

] 

1 

1954 

2 

0 

1  <IMi 
1  \WI 

_  _  Vacuum 

packed.  —  1 

2 

2 

1963 

Tuna  

..Canned  1 

3 

2 

1963 

Whitefish   ... 

..Smoked  I 

2 

2 

1963 

Whitefish  chub 

packed  1 

18 

1963 

Liver  paste  

Canned  . .  .1 

2 

0 

1965 

Pork  and  beans  or 

 do  1 

6 

0 

1965 

3 

0 

Total  

10 

42 

13 

States  during  the  26-year  period  from  1941  to  1967. 
Only  10  outbreaks,  involving  42  cases  and  13  deaths 
(31  percent),  were  recorded.  Commercially  canned 
foods  were  implicated  in  four  outbreaks,  but  one  of 
these  is  somewhat  doubtful  because  toxicity  of  the 
pork  and  beans  or  olives  was  not  proven  by  laboratory 
tests.  In  contrast  with  the  preceding  20  years,  com- 
mercial products  processed  by  means  other  than 
canning  were  incriminated  in  at  least  three  outbreaks. 
The  lower  death  rate  probably  reflects  a  more  efficient 
use  of  anatoxin  therapy,  plus  the  occurrence  of  more 
type  E  botulism. 

In  discussing  the  relation  of  botulism  to  food  preser- 
vation, we  might  first  turn  to  the  conventional  meth- 
ods. The  canning  industry,  using  the  information 
provided  by  the  research  carried  out  in  the  I920's 
and  1930's,  has  adopted  the  "12  I)"  process  for  treat- 
ing low-acid  foods  so  that  the  probability  of  C.  botu- 
limtrn  spores  surviving  is  very  remote.  The  spores  of 
C.  botuliman  arc  not  the  most  heat-resistant  known, 
and  other  sporeforming  organisms,  such  as  PA  3679, 
are  frequently  used  in  timc-tcmpcraturc  studies; 
however,  in  the  interest  of  safety,  canning  processes 
must  be  of  such  lethality  that  the  likelihood  of  C. 
botulinum  spores  surviving  is  negligible  in  the  practical 
sense.  The  concentration  of  organisms  in  a  food  prod- 
uct is  very  important  because  bacteria  are  killed  by 
heat  at  a  rate  that  is,  in  general,  proportional  to  the 
number  of  organisms  present  {12).  Consequcndy,  the 
"12  D"  process  is  designed  to  reduce  a  bacterial  load 
of  a  billion  spores  in  each  of  a  thousand  cans  to  one 
spore  in  a  thousand  cans.  These  processes  arc  now 
standardized  and  controlled  to  the  point  that  only 
through  recontamination  after  heating  is  it  likely  that 
a  significant  degree  of  spoilage  or  hazard  from  C. 
botulinum  could  occur.  An  additional  safety  factor  is 
provided  by  proper  sanitary  control,  which  tends  to 


reduce  die  original  bacterial  load.  Recontamination 
may  occasionally  occur  from  postprocessing  can- 
handling  operations  due  to  faulty  seams,  or  the  pres- 
ence of  bacterial  contamination  in  the  cooling  water 
or  on  wet  runways,  or  poor  operation  or  adjustment 
of  the  filled  can-handling  equipment  (JO).  In  fact,  all 
outbreaks  of  botulism  from  U.S.  canned  food  in  the 
recent  past  have  been  the  result  of  technical  errors 
and  not  of  the  process  itself.  This  segment  of  the 
food-processing  industry  need  have  little  concern 
about  botulism  from  heat-processed  canned  foods  as 
long  as  the  manufacturers  consistently  apply  the 
sanitation  principles  and  technological  knowledge 
available  to  them. 

Drying  and  smoking  as  methods  of  food  production 
received  much  adverse  publicity  in  1963  when  the 
outbreaks  of  type  E  botulism  from  smoked  fish  oc- 
curred in  the  United  States.  Examination  of  the  fish 
processing  plants  and  the  results  of  research  stimulated 
by  this  catastrophe  have  revealed  a  great  need  for 
better  sanitation  practices  (11)  and  more  rigidly  con- 
trolled heating  and  smoking  procedures.  Conventional 
dried  foods  such  as  fruits  have  not,  to  our  knowledge, 
presented  a  problem  as  far  as  botulism  is  concerned. 

The  knowledge  concerning  the  effects  of  chemicals, 
such  as  salt,  nitrite,'  and  organic  acids,  on  the  germi- 
nation and  outgrowth  of  C.  botuliman  spores  has  been 
utilized  by  the  meat-curing  industry  to  produce  safe 
and  acceptable  products  without  subjecting  them  to 
the  "12  D"  process.  Ham,  bacon,  sausages,  and  simi- 
lar foods  have  not  appeared  on  the  lists  of  commer- 
cially produced  foods  associated  with  botulism  in  the 
United  States  in  recent  years.  In  1965,  a  luncheon 
meat  was  suspected,  but  detailed  studies  failed  to 
confirm  this  suspicion  and  the  incident  must  go  into 
the  records  as  questionable. 

Some  of  the  newer  methods  of  food  processing  are 
still  in  the  stage  of  development  where  trouble  spots 
could  occur,  even  though  their  safety  record  to  date 
is  excellent.  Presumably,  there  will  be  a  continued 
increase  in  the  production  of  frozen,  frccze-dehy- 
drated,  vacuum-packaged,  and  possibly  irradiated 
foods.  In  the  United  States,  the  so-called  convenience 
foods  cover  a  wide  variety  of  partially  or  completely 
prepared  items,  ranging  from  single  vegetables  to  com- 
plete meals.  They  arc  usually  maintained  in  a  frozen 
or  dried  state  until  used,  and  in  all  probability,  are 
quite  safe  when  prepared  and  used  as  directed.  That 
they  may  contain  C.  botulinum  is  shown  by  the  occur- 
rence of  two  cases  of  botulism  after  the  ingestion  of 
chicken  potpies.  The  pies  were  cooked  as  directed  in 
a  home  oven,  but  two  members  of  the  family  did  not 
attend  the  evening  meal  and  their  pies  were  left  in 
the  turned  off  oven  overnight  The  pies  were  removed 
in  the  morning  and  taken  to  be  eaten  cold  for  lunch. 
Such  severe  mishandling  could  not  be  anticipated  by 
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the  producer,  but  the  fact  remains  that  C.  botulinum 
spores  were  present  in  the  food.  It  should  be  noted, 
however,  that  the  incidence  of  C.  botulinum  spores  in 
such  foods  is  extremely  low  in  the  United  States. 
Taclindo  et  al.  (13)  found  one  positive  sample  of 
luncheon  meat  among  73  specimens  examined,  and 
Insalata  et  al.  (4)  found  one  positive  in  400  samples 
of  "boil-in-the-bag,"  vacuum-packaged,  pressurized, 
and  dehydrated  foods.  The  point  of  consideration 
here  is  that  very  many  of  these  convenience  and 
other  frozen  foods  do  not  receive  any  treatment  in 
their  production  that  would  eliminate  the  spores  of 
C.  botulinum.  It  is,  therefore,  essential  that  a  very  high 
level  of  sanitation  be  maintained  during  production 
to  reduce  the  bacterial  contamination  as  much  as 
possible,  including  contamination  with  C.  botulinum. 
Under  such  conditions,  with  proper  direction  for 
storage  and  use,  these  foods  should  pose  little  hazard 
of  botulism. 

The  preservation  of  food  by  drying,  or  smoking 
and  drying,  goes  back  beyond  recorded  history.  One 
can  picture  a  cave  wife  hanging  a  haunch  of  venison 
high  in  the  cave  out  of  the  reach  of  the  half-wild  dogs 
and  later  discovering  that  it  had  been  preserved  and 
even  improved  by  the  exposure  to  heat  and  smoke. 
Modern  commercial  drying  processes  are  a  far  cry 
from  the  crude  smoking-drying  combinations  of  the 
past  that  were  sometimes  responsible  for  botulism. 
Freeze-dchydration  as  well  as  conventional  air  drying 
arc  commercially  attractive  because  of  increased  shelf 
life,  weight  reduction,  and  packaging  ease.  Some  type 
of  pretreatment  is  usually  required  so  that  rapid  freez- 
ing and  dehydration  can  occur.  For  example,  chicken 
is  cooked,  removed  from  the  bone,  and  diced.  This 
and  other  like  operations  might  allow  considerable 
contamination  of  the  products  before  drying  unless  a 
very  high  level  of  sanitation  is  maintained.  Drying  is 
not  a  reliable  means  of  destroying  micro-organisms, 
and  frccze-drying  is  an  effective  method  of  preserving 
not  only  bacterial  spores  but  vegetative  cells  as  well. 
As  in  the  case  of  frozen  foods,  dried  foods,  if  reconsti- 
tuted and  used  immediately,  offer  little  hazard.  Severe 
mishandling  after  reconstitution  might,  however, 
render  them  dangerous. 

The  type  E,  C.  botulinum,  has  been  so  frequendy 
associated  with  sea  water,  mud,  ant!  fish  (3)  that 
products  from  a  marine  environment  are  readily 
suspected.  Other  types,  including  A  and  B  are,  in 
fact,  also  rather  universally  distributed  in  nature  and 
may  be  present  in  almost  any  environment  from  which 
foods  are  produced  and  prepared  for  dehydration  or 
other  types  of  processing. 

Vacuum  packaging  offers  its  own  special  hazards 
in  that  when  foods  with  sufficient  moisture  content  to 
allow  growth  of  bacteria  are  placed  in  a  gaseous 
environment  that  will  discourage  growth  of  spoilage 


organisms  on  the  surface,  it  is  conducive  to  the  growth 
of  anaerobes.  Smoked  fish,  for  example,  will  support 
growth  of  C.  botulinum  in  a  normal  gaseous  environ- 
ment (J,  2,  5),  but  such  growth  and  toxin  production 
are  enhanced  by  vacuum  packaging  (1,  5).  Concomi- 
tant growth  of  facultative  organisms  may  well  be  an 
enhancing  factor  to  the  outgrowth  of  anaerobic  spe- 
cies. Such  growth  uses  up  trace  amounts  of  oxygen  in 
the  substrate,  reduces  the  Eh,  and  provides  growth- 
promoting  substances.  On  the  other  hand,  heavy 
overgrowth  by  aerobes  may  prevent  the  germination 
and  outgrowth  of  anaerobic  species  due  to  toxic 
metabolites.  In  vacuum-packaged  foods,  growth  of 
aerobic  organisms  is  considerably  curtailed,  and  the 
shelf  life  appears,  therefore,  to  be  extended  because 
visible  spoilage  has  not  occurred.  This  additional 
time  may  be  sufficient  for  anaerobes,  such  as  C. 
botulinum,  to  grow  and  produce  toxin.  Furthermore, 
the  well-preserved  appearance  of  vacuum- packaged 
foods  may  lead  the  consumer  to  take  risks  that  he 
would  not  consider  if  the  food  were  exposed  to  air. 
Since  it  is  now  known  that  type  E,  C.  botulinum,  can 
grow  and  produce  toxin  at  refrigerator  temperatures, 
this  longer  storage  time  may  constitute  a  significant 
hazard.  The  level  and  percentage  of  C.  botulinum 
contamination  have  been  shown  to  be  very  low  in 
many  types  of  vacuum-packaged  foods,  smoked  fish 
perhaps  being  an  exception.  It  appears,  however, 
that  the  hazard  is  always  present,  unless,  as  is  the 
case  of  many  types  of  meats,  chemical  substances  are 
present  to  prevent  germination  and  outgrowth.  With 
vacuum-packaged  foods,  as  with  so  many  others,  every 
attempt  must  be  made  to  establish  high  levels  of  sani- 
tation in  the  processing  plant  so  that  contamination 
levels  will  be  held  to  a  minimum. 

The  radiation  preservation  of  foods  has  been  sub- 
jected to  intensive  study  in  recent  years.  If  the  radia- 
tion were  at  a  level  that  produced  a  sterile  product 
there  would,  of  course,  be  no  hazard  from  botulism. 
Processes  designed  to  pasteurize,  however,  would  have 
little  or  no  effect  upon  the  spores  of  C.  botulinum, 
which  are  very  resistant  to  radiation  damage.  The 
extended  shelf  life  obtained  by  radiation  might  allow 
outgrowth  and  toxin  production.  Although  other 
contributors  will  discuss  radiation  preservation  in  de- 
tail, we  should  like,  at  this  point,  to  raise  some  ques- 
tions about  the  effects  of  such  treatment  on  the 
microflora  as  a  whole  and  on  C.  botulinum  in  particular. 
Will  such  treatment  give  rise  to  radiation-resistant 
mutants?  Will  radiation  affect  the  amount  and  type 
of  toxin  produced  by  surviving  spores  if  they  germi- 
nate and  grow  to  sizable  populations?  Will  changes 
in  microbial  ecology  enhance  the  danger  from  C. 
botulinum  or  reduce  it?  Considering  the  many  factors 
involved,  it  seems  reasonable  to  assume  that  the  same 
high  levels  of  sanitation  must  be  maintained  with 
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foods  to  be  treated  by  radiation  as  are  advocated  in 
other  types  of  food  preservation. 

Considering  all  of  these  newer  methods  of  food 
production  and  preservation  together,  we  might 
almost  think  of  them  as  being  in  the  stage  of  develop- 
ment that  canning  was  40  years  ago.  Only  the  con- 
tinued application  of  the  best  information  on  sanitation 
and  processing  technology  can  make  them  safe  and 
keep  them  free  of  hazards  from  botulism.  Education 
of  the  consumer  to  minimize  abuse  of  the  products 
is  also  essential. 

We  should  also  be  looking  toward  the  future.  Just 
as  the  last  20  years  have  shown  marked  changes  in 
the  food-processing  field,  so  will  coming  decades  intro- 
duce new  technologies,  methods,  and  products.  These 
new  advances  must  be  investigated  and  evaluated  for 
safely  from  the  hazard  of  botulism  as  carefully  as  any 
wc  know  today.  It  seems  reasonable  to  suppose,  for 
example,  that  in  the  future  mass  feeding  of  large 
numbers  of  people  from  centrally  located  automated 
kitchens  will  become  a  reality.  Wc  can  anticipate 
that  the  massive  centralization  of  populations  in  urban 
areas  will  eventually  lead  to  the  construction  of  large 
complexes  designed  to  provide  living  space,  utilities, 
entertainment,  recreation  facilities,  and  food.  In  such 
complexes  the  conventional  home  kitchen  will  be  ob- 
solete; rather  the  housewife  will  "dial-a-meal,"  which 
will  be  centrally  prepared  in  a  matter  of  minutes  and 
delivered  by  conveyor,  hot  and  ready  to  eat,  to  the 
living  unit.  Such  complexes  will  require  food-preserva- 
tion processes  much  more  complex  than  any  we  have 
today,  but  the  essential  hazards  may  still  be  the 
same.  The  only  factor  that  will  be  eliminated  will 
be  consumer  error,  and  it  may  well  be  replaced  by 
automation  breakdown. 

In  addition  to  new  and  novel  methods  of  food 
preparation  and  serving,  we  can  look  forward  to  the 
use  of  new  substances  as  foods.  With  increased  pres- 
sure on  the  already  overburdened  agricultural  poten- 
tials of  the  world,  there  will  come  the  production  of 
food  supplements  in  the  form  of  protein  and  other 
materials  not  now  accepted  as  food  components.  Pro- 
tein and  fat  from  vegetable  sources  arc,  in  fact,  already 
being  manufactured  into  synthetic  foods  that  resemble 
meat,  fish,  poultry,  and  dairy  products.  Fish  flour, 
soy  protein,  yeast  and  algal  protein,  and  other  food 
supplements  will  be  produced  by  novel  extraction 
and  fermentation  processes.  These  new  substances 
and  processes  will  require  alert  attention  to  their  pos- 


sible botulinal  contamination  for  other  foods  or  even 
as  sources  of  the  toxins  themselves.  We  foresee  no 
possibility  of  eradicating  C.  botulinum  from  the  raw- 
product  environment. 
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From  1951  until  the  present  there  have  been  57 
outbreaks  of  botulinal  poisoning  in  Japan,  comprising 
a  total  of  319  patients  and  including  83  deaths.  In 
most  cases  the  toxigenic  food  was  so-called  "izushi"  of 
fish  but  a  few  cases  were  due  to  related  products. 
Four  cases  were  ascribed  to  "kirikomi"  (a  raw  herring 
product),  one  case  to  "kayuzushi"  of  some  fish,  and 
one  case  to  "sujiko"  (salted  fish  egg).  One  other  case 
was  caused  by  canned  fish  (mackerel).  The  kirikomi 
and  the  kayuzushi  of  fish  both  arc  very  similar  in 
composition  to  izushi.  Therefore,  an  understanding  of 
the  employment  of  izushi  as  a  food  is  a  most  important 
aspect  of  the  problem. 

If  we  can  prevent  the  present  use  of  izushi  as  food, 
the  incidence  of  botulism  in  Japan  should  decrease 
greatly.  Hitherto,  whenever  botulinal  food-poisoning 
occurred  in  Japan,  the  danger  of  eating  izushi  was 
reported  and  the  public  was  cautioned  in  the  news- 
papers and  on  radio  and  television.  Notwithstanding 
such  information,  izushi  is  even  at  present  made  and 
eaten.  This  shows  that  izushi  must  be  felt  to  be  neces- 
sary, at  any  cost,  to  the  people  in  spite  of  a  possible 
danger  to  life. 

What  is  Izushi? 

Izushi  is  a  type  of  fermented  food  made  of  boiled 
rice  and  raw  fish  meat.  The  first  letter  "i"  of  the  word 
izushi  represents  "ii."  The  term  "ii"  or  "meshi"  means 
boiled  rice  and  "zushi"  or  "sushi"  means  a  sour 
food,  composed  of  boiled  rice  and  fish  meat  or  vege- 
tables. However,  among  the  so-called  izushi  prepara- 
tions there  is  one  kind  which  docs  not  contain  fish 
meat  and  there  is  another  kind  of  sushi  which  lacks 
the  fermentation  procedure.  Food-poisoning  has  not 
occurred  from  the  latter  kinds  of  izushi.  It  is  during 
the  course  of  the  fermentation  that  the  contaminating 
clostridial  spores  or  vegetative  bacteria  may  multiply 
and  produce  the  toxin. 

The  materials  employed  in  the  processing  of  izu- 
shi arc  boiled  rice,  koji  (rice  malt),  raw  fish  meat,  veg- 
etables, condiments.  A  brief  description  of  the  process 
follows: 

Step  1.— Any  fish  will  do.  When  the  fish  is  large, 
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the  head  and  viscera  must  be  removed  and  then 
cut  into  pieces  of  moderate  size.  The  pieces  of  fish 
are  placed  in  water,  for  1  to  7  days,  in  order  to 
extract  the  blood.  The  water  is  changed  once  or 
twice  a  day.  The  fish  meat  is  then  taken  out  of  the 
water  and  the  water  is  discarded. 

Step  2. — Minced  vegetables  (carrot,  cabbage, 
radish,  ginger,  turnip,  eggplant,  etc.)  and  condi- 
ments (salt,  vinegar,  sake,  sugar,  mirin,  etc.)  are 
mixed. 

Step  3.— Rice  is  boiled  and  when  cooled  to  body 

temperature  it  is  mixed  with  koji. 

Step  4. — The  fish  portion,  rice  portion  and  the 

vegetable  portions  arc  piled  alternately,  in  layers 

of  1  to  3  cm.  thickness  in  a  tub. 

Step  5.— When  the  layering  operation  is  finished, 

bamboo  grass  leaves  are  placed  on  the  surface. 

Often  a  straw  bundle  is  coiled  around  the  inner 

surface  of  the  tub.  Next,  the  tub  is  covered  with  a 

lid  and  a  heavy  stone,  about  3  to  5  kg.,  is  placed  on 

it  in  order  to  press  the  contents. 

The  so-called  maturing  of  izushi  takes  anywhere 
from  5  days  to  2  months.  During  maturation,  some 
water  appears  on  the  lid,  and  is  removed  from  time 
to  time.  When  the  maturing  process  is  complete, 
izushi  is  approximately  half  solids  and  the  fish  meat 
and  vegetables  retain  their  original  form. 

Observations  on  Izushi  from  the  Stand- 
point of  History  and  Folklore 

Izushi  is  made  not  only  by  the  people  in  Hokkaido 
and  in  the  northeastern  districts  of  Honshu,  but  it  is 
also  made  in  many  other  districts  of  Japan.  However, 
botulinal  izushi-poisonings  have  occurred  only  in  Hok- 
kaido and  in  the  northeastern  part  of  Japan. 

Why  this  geographical  distribution?  At  first  we 
considered  that  the  cause  lay  in  the  processing 
method  employed  in  those  areas.  If  so,  when  did 
such  a  dangerous  method,  which  then  became  a  tradi- 
tion inherited  by  the  people  in  the  northeastern  part 
of  the  country,  develop?  Therefore,  we  sought  to  find 
the  initial  description  of  izushi  in  the  ancient  Japanese 
literature. 
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The  many  characters,  which  are  used  now  for  writ- 
ing in  Japan,  were  introduced  from  China  in  ancient 
times.  Chinese  characters  were  hieroglyphs,  but  in 
Japan  they  were  used  to  write  the  Japanese  language. 
A  single  Chinese  character  may  have  one  or  several 
meanings.  In  order  to  express  the  sounds  of  the  Japa- 
nese language,  Chinese  characters  were  used,  having 
no  relation  to  the  Chinese  meanings.  The  ancient 
Japanese  wanted  letters  to  be  able  to  express  die 
sound  of  Japanese  language,  not  ideographs.  There 
are  several  characters  which  we  must  read  as  having 
the  meaning  of  sushi. 

In  the  ancient  Japanese  book,  "Taiho-Ritsuryo" 
written  in  701,  we  find  a  Chinese  character  meaning 
sushi  for  the  first  time.  In  898-901,  a  bonze  (a  bud- 
dhist  priest)  named  Shoju-Hoshi,  published  a  book 
entided  "Shinscnji-Kyo."  This  book  was  a  kind  of 
dictionary  in  which  the  author  pointed  out  a  Chinese 
character  to  read  sushi  and  also  several  other  charac- 
ters which  could  be  read  with  the  same  meaning.  In 
a  book  named  "Engi-shiki"  written  in  905-930  we 
can  find  two  characters  which  mean  sushi  and  we 
know  that  at  that  time  three  kinds  of  sushi  were 
made  in  various  areas  of  Japan  and  presented  to  the 
Emperor.  The  kinds  of  sushi  and  the  specific  areas  of 
their  production  arc  shown  in  table  1  and  figure  I. 

The  materials  comprising  sushi  in  those  ancient 
times  were  varied  but  can  be  divided  into  three  basic 
types.  One  type  was  fish  (salmon,  crucian  carp,  half- 
break,  carp),  the  second  type  was  fish  egg,  and  the 
third  kind  was  animal  meat  (deer  and  wild  boar). 
The  preparation  of  sushi  depended  on  the  availability 
of  raw  materials  in  each  area,  that  is,  fish  was  em- 
ployed in  the  areas  near  sea  or  lake  and  animal  meat 
was  used  in  the  mountainous  areas. 


Figure  1.— The  countries  or  areas  from  where 
presented  to  the  court. 


Whether  the  sushi  made  at  that  time  was  the  same 
as  the  sushi  which  now  is  made  in  Hokkaido  or  in 
northeastern  Honshu  is  not  clear,  but  it  appears  that 
the  ancient  sushi  did  not  use  as  much  rice.  The  lesser 
proportion  of  rice  can  be  estimated  from  an  ancient 
formula  recorded  as  follows,  "The  material  for  making 
10  koku  (unit  of  volume)  of 'zako-sushi' :  salted  fish  6  to 
(unit  of  volume  =  1/10  koku),  shofu  16  dan  (unit  of 
length),  shinano-asa  6  kin  (unit  of  weight),  white  rice 
1  koku,  salt  1  koku  6  to"  And  also  another  ancient 


Table  l.-The  kinds  of  sushi 


to  the  Court  of  Japan  and  the 

Shiki") 


areas  of  their  origin  (from  an  ancient  book,  "Engl- 


Kind  of  sushi 


Area  of  origin 


Kind  of  sushi 


Area  of  origin 


Chapter  of  Accountant 


Sweetiish  Mino,  Harima,  Awa,  Chikugo,  Ear  shell  __Awa,  Iyo,  Chikuzen,  Hizen, 


carp . 


Trout  

Miscellaneous  (fish). 


Miscellaneous  

Sushi  (material  unknown). 


Higo,  Ruzcn,  Rungo. 
5-Kinai,  Mino,  Chikuzrn, 
Chikugo,  Dazaifu. 
.Ecchu. 
-Ohmi. 

.Ise,  Owari,  Rizcn,  Awa, 

5-Kinai. 
.Shima,  Wakasa,  Awaji. 
.Sanuki. 


5-Kinai. 

Ear  shell  (light  salted)  Wakasa,  5-Kinai. 

Mytilus  corustus    Mikawa,  Iyo,  i-Kinai. 

Mylilus  and  sea  squirt  mixed.  .  .Wakasa,  5-Kinai. 
Wild  boar   Kii,  Huzen,  Kai. 

Deer  Kii,  Chikuzen,  Ruzcn,  Rungo. 


Chapter  of  Provision 


Sweetiish . 


.Yamato,  Iga,  Ise,  Tamba, 
Tajima,  Harima,  Kii, 


Egg  of  fish  

Miscellaneous. 
Crucian  carp . 


.Dazaifu. 

.Kawachi. 

.Ohmi. 
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formula,  "As  material,  salted  fish  20  koku  6  to,  'shofu* 
16  dan,  'shinanoasa'  100  Arm,  salt  2  koku" 

Among  the  above-mentioned  materials,  shofu  and 
shinanoasa  are  not  food,  perhaps  they  were  used  for 
other  purposes  during  the  processing.  We  find  an 
unexpected  aspect  when  we  consider  the  volumetric 
relationships  among  the  materials,  that  is,  too  much 
salt  (about  10  percent)  and  too  litde  rice  as  compared 
to  contemporary  formulae.  The  fish  prepared  under 
such  conditions  ought  to  be  called  salt-preserved  fish. 
Some  rice  was  used,  but  it  is  not  comparable  to  the 
present  izushi,  yet  the  people  at  that  time  might  have 
expected  an  acid  fermentation. 

At  least  we  can  now  presume  that  sushi  was  pres> 
as  food  in  the  ancient  time  of  the  Heian-F 
(781-1198).  We  also  can  find  the  letter  or  character 
meaning  sushi  in  two  books:  "Wamyosho"  by  Mina- 
moto  no  Shitagau,  written  in  931,  and  "Tosa  Nikki" 
by  K.  Tsurayuki,  written  in  936.  A  book  "Shaseki- 
shu"  written  by  a  bonze,  named  Muju-Hoshi  in 
1278-88,  describes  the  sushi  of  sweetfish  in  Dcwa,  a 
district  of  northeastern  Japan.  A  famous  series  of  docu- 
ments "Oyudono  no  Uc  no  Nikki"  (1477-1687), 
written  by  many  court  ladies  in  succession,  contain 
the  word  "sumoji"  which  means  sushi.  In  this  period 
sushi  made  from  rice  and  vegetables  were  presented 
to  the  Emperor.  In  a  book  named  "Xinagawa  Moto- 
chika  Xikki"  (1473-86),  we  find  the  word  "nama- 
narc"  which  means  the  "fermentation  is  not  com- 
plete," and  the  word  "ichiya-zushi"  which  means 
"made  in  one  night." 

In  the  book  "Kebuki-guse"  written  in  1645  by 
Matsuc  Shigcyori,  which  is  a  kind  of  saiji-ki,  a  refer- 
ence work  for  Haikai  (Japanese  sonnet),  we  note  the 
presence  of  "hatahata-sushi"  in  the  Dcwa  district  and 
that  "tsurube-zushi"  and  "suzume-zushi"  were  made 
in  the  Kinki  district.  Tsurube-zushi  was  a  kind  of 
instant  zushi  and  suzume-zushi  was  a  kind  of  "na- 
manarc-zushi."  From  this  book  we  also  find  that  sushi 
was  made  in  every  season.  At  tliis  period  three  styles 
in  sushi  were  distinguished,  "narczushi,"  "nama- 
nare,"  and  "ichya-zushi."  For  the  processing  of  "nare- 
zushi"  a  long  period  was  needed  for  completion,  for 
"namanare-zushi"  less  time  was  required  and  "ichya- 
zushi,"  as  the  designation  shows,  was  made  in  one 
night.  The  izushi,  which  is  the  causal  food  for  botulism 
in  Hokkaido  or  in  Tohku  districts  at  present,  is  a 
kind  of  nare-zushi  or  "namanare-zushi."  The  three 
styles  of  sushi  were  described  in  "Honcho  Shokukan," 
by  On  Hichidai  (1695). 

When  wc  compare  the  methods  for  making  izushi 
in  the  Kinki  district  and  in  Hokkaido  and  in  the 
northeastern  districts  of  Honshu,  we  do  not  find  great 
differences.  One  difference  between  Uiem  is  the  initial 
processing  of  the  fish  meat.  As  already  mentioned,  in 
Hokkaido  and  in  northeastern  Honshu  the  manipula- 


tion called  "chidashi"  is  used  in  order  to  rid  fish 
meat  of  blood.  This  is  done  by  extraction  with  water 
but  in  Kinki  this  procedure  is  not  used.  Instead,  the 
manipulation  is  to  salt  the  fish  meat  for  a  long  period 
(about  1  month).  However,  we  do  not  know  whether 
or  not  Clostridium  botulinum  or  its  spores  is  killed  by 
such  a  salting.  There  arc  many  districts  where  nare- 
zushi  or  namanare-zushi  is  made  and  eaten  but  botu- 
lism has  not  been  reported  as  occurring  in  these  areas. 
At  present,  "kirikomi"  of  fish  is  made  and  sold  at 
market  in  Hokkaido  and  three  outbreaks  of  botulism 
have  been  reported.  In  Akita  Prefecture  izushi  of 
salmon  is  made  and  sold  at  market  but  botulism  has 
not  occurred.  However,  we  have  isolated  one  strain 
of  C.  botulinum  type  E  out  of  19  samples  from  the 
market.  The  operation  of  dipping  fish  meat  into  vine- 
gar or  salt  is  not  always  safe;  because,  notwithstanding 
such  manipulation,  several  cases  have  occurred  in 
Hokkaido. 

The  Present  Status  of  Izushi  in  Akita  Pre- 
fecture 

In  1962  we  made  a  survey  of  the  present  status  of 
izushi  manufacture  among  the  population  in  Akita 
Prefecture.  This  program  was  carried  out  with  the 
aid  of  13  health  educators  in  the  prefecture  (4).  Thir- 
teen towns  or  villages  out  of  72  were  selected  for 
inquiry.  They  were  spread  uniformly  from  north  to 
south  in  the  prefecture. 

Out  of  6,739  households,  3,372  households  (50  per- 
cent) made  izushi  and  4,039  households  ate  it  (63.5 
percent).  As  regards  the  season  of  processing,  2,451 
households  (60.6  percent)  replied  that  they  make  it 
in  December;  the  next  most  frequent  time  was  in 
November  (19.9  percent),  followed  by  January  (4 
percent).  Processing  during  February,  April,  and  May 
was  reported  by  2.8  percent  for  each  month  and  in 
March  by  1.8  percent  Very  few  reported  processing 
during  the  rest  of  the  year  (June  through  September). 
It  is  noteworthy  that  izushi  is  made  even  in  the 
warmer  season  by  some  people.  (Table  2.) 

The  next  inquiry  concerned  the  kinds  of  fish  which 
were  processed.  Usually  fish  of  moderate  size  are  se- 
lected but  small  fish  are  also  utilized  without  removing 
heads  or  viscera.  The  kinds  of  fish  are  listed  in  table 

3.  The  utilization  rate  of  hatahata  was  highest  of  all 
followed  by  mackerel  and  herring.  Flatfish  was  only 
employed  in  2.9  percent  of  preparations  but  in  the  57 
outbreaks  in  Japan  the  flatfish  izushi  was  the  causal 
food  highest  in  the  frequency.  The  kinds  and  fre- 
quency of  utilization  of  vegetables  are  shown  in  table 

4.  About  one  half  of  5,502  households  use  carrot, 
probably  for  color.  Radish  and  turnip  were  used  in 
about  19.0  percent  of  recipes. 
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Table  2.— The  month  for  processing  izushi 


Number  of 

Month 

households 

Rate  (percent) 

*  _     •  | 

ill 
113 

z.ts 

Z.o 

JO 

0 

J«iy  

26 

.6 

13 

.3 

September  

26 

.6 

1 18 

I  1  *J 

2  9 

805 

19.9 

2,451 

60.6 

163 

4.0 

113 

2.8 

6/ 

1.8 

Total  

6,739 

100.0 

laDie  a.— ine  kinds 

.  ot  fisn  for  tne  p 

rocessing  or  izusni 

Number  of 

Kind  of  fish 

households 

Rate  (percent) 

3,217 

69.4 

Saury   . 

cm 

□jy 

1  1  r 

1  1 .0 

Herring  

Salmon,  light  salted 

1  7  1 

7 

136 

2.9 

103 

2.2 

49 

1.2 

Goby 

40 

.9 

Mackerel  

38 

.8 

21 

.5 

11 

.2 

11 

.2 

88 

1.9 

Total  

6,739 

100.0 

Table  4.— The  vegetables  used  in  processing  izushi 


Number  of  Rate 
Kinds  of  vegetables  used  households  (percent) 


2,524 

45.9 

Radish    ... 

1,047 

19.0 

1,046 

19.0 

Chinese  cabbage     . 

428 

7.8 

Seaweeds  (kombu,  wakame)  

303 

5.5 

Others  

154 

2.8 

Total  

5,502 

10O.0 

Inquiry  as  to  the  usage  of  "koji"  (rice  malt)  revealed 
that  koji  was  used  by  2,197  households  (83.6  percent). 
Therefore,  the  majority  used  koji  and  in  the  southern 
part  of  the  prefecture  the  rate  was  a  little  higher  than 
the  northern. 

"Shoku-su"  (vinegar)  is  used  as  the  condiment  for 
sour  taste.  Its  prime  component  is  acetic  acid  and  its 


pi  I  is  generally  2.4.  Shoku-su  was  used  by  2,686 
households  (39.8  percent)  and  the  rest  of  them  did 
not  employ  it.  Most  households  (99.1  percent)  used 
salt  but  the  quantity  was  of  course  small. 

The  periods  reported  for  chidashi  (water  soaking 
of  fish  meat)  arc  shown  in  table  5.  In  the  course  of 
chidaslu,  autolysis  may  occur  in  the  fish  meat  as  well 
as  denaturation  of  protein  and  hemolysis  of  fish  blood. 
It  is  not  clear  whether  this  manipulation  has  an  effect 
on  the  taste  of  izushi.  Inquiry  as  to  the  size  of  the  fish 
resulted  in  1,868  households  (29.5  percent)  replying 
that  they  cut  it  in  two  or  tliree  pieces  when  the  fish 
were  big.  The  number  of  households  which  replied 
they  cut  off  the  head  and  viscera  from  fish  was  1,819 
(28.6  percent),  but  984  households  (15.4  percent) 
replied  they  preserved  the  whole  fish.  These  operations 
are  of  course  related  to  the  size  of  the  fish,  for  when 
the  fish  are  too  small,  it  is  difficult  to  cut  off  the  head 
or  remove  viscera. 

The  times  used  for  the  completion  of  maturation 
arc  shown  in  tabic  6.  About  one  third  of  the  house- 


Table  5.— The  soaking  Interval  offish  meat  in  water 
preliminary  to  making  izushi  (chidashi) 


Number  of 


Interval  in  days 

households 

Rate  (percent) 

I  to  2  

875 

32.0 

2  to  3  

665 

24.3 

3  to  4...   

538 

19.7 

4  to  5  

227 

8.3 

5  to  6  

97 

3.5 

6  to  7...  

123 

4.5 

7  to  8  

69 

2.5 

8  to  9  

5 

.3 

9  to  10  

39 

1.4 

10  to  11  

26 

1.0 

11  +  

69 

2.5 

Total  

2,733 

100.0 

Table  6.-The  time  for  maturation  of  izushi 


Time  (days) 

Number  of 
households 

Percent 

1  

2 

0 

10 

0.3 

3   

20 

.6 

4to  7  

57 

1.6 

7  to  10  

223 

6.4 

10  to  15   

410 

11.8 

15  to  20  

889 

25.7 

20  to  30  

1,158 

33.4 

30  to  40  

512 

14.8 

145 

4.2 

Unknown  

36 

1.1 

Total  

3,462 

99.9 
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holds  waited  20  to  30  days,  one  fourth  waited  15  to 
20  days  and  about  10  percent  of  households  required 
only  10  to  15  days  for  the  maturation  of  izushi. 

Inquiry  concerning  the  acquisition  of  the  habit  of 
making  izushi  revealed  that  1,479  households  (41.2 
percent)  replied  that  the  habit  was  continued  from 
their  ancestors;  1,271  households  (35.4  percent)  re- 
plied that  the  habit  was  inherited  from  their  parent 
generation;  and  those  who  had  initiated  the  practice 
themselves  numbered  642  households  (17.9  percent). 
As  the  data  show,  the  habit  of  making  and  eating 
izushi  is  deeply  rooted  in  folk  custom. 

Inquiry  as  to  the  purpose  of  making  izushi  revealed 
(table  7)  that  2,237  (47.4  percent)  enjoyed  its  taste, 
and  1,137  households  (24.1  percent)  felt  that  izushi 
was  convenient  during  the  busy  farming  period. 
Households  constituting  10.3  percent  of  the  total  gave 
reasons  of  economy  and  18.2  percent  answered, 
"merely  because  of  habit." 


Table  7.-Reasons  for  making  izushi 


Number  of 

Reasons  given  household*  Rate  (percent) 


Good  taste   2,237  47.4 

Economy  _..  487  10.3 

Convenience   1,137  24.1 

Habit   862  18.2 


Total   4.G23  100.0 


Sushi,  especially  izushi,  are  fermented  foods  and 
their  manufacture  is  not  proper  from  the  standpoint 
of  bacteriology  and  hygiene,  because  such  foods  are 
eaten  without  disinfection.  In  order  to  avoid  poison- 
ing, cither  a  change  is  needed  in  the  method  of  its 
preparation  or  the  people  must  be  induced  to  abandon 
the  folk  habit  of  eating  it. 


Conclusion 

Japanese  botulinal  food-poisoning  has  occurred 
due  to  ingestion  of  so-called  izushi,  composed  of  raw 
fish  meat  and  boiled  rice.  If  wc  can  militate  against 
the  habit  of  making  and  eating  izushi,  botulinal  poi- 
sonings should  decrease  greatly. 
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Summary 

We  prepared  a  type  E  botulinogcnic  "izushi".  The 
molecular  size,  the  stability  and  other  properties  of 
the  toxin  in  the  izushi  were  examined.  The  flounder 
slices  inoculated  with  type  E  spores  were  soaked  in 
water  for  3  days,  during  which  period  the  potential 
toxicity  of  the  fish  meat  reached  64,000  I -Dso/g.  The 
potency  was  quadrupled  in  the  first  10  days  after  the 
initiation  of  fermentation,  attaining  250,000  LD«)/g. 
The  toxin  in  the  izushi  was  very  stable.  After  20 
months  of  storage,  the  fish  meat  in  the  izushi  still 
contained  a  potential  toxicity  of  52,000  LD.v>/g.  The 
toxin  in  the  izushi  was  mostly  in  the  form  of  the 
precursor,  but  the  activation  ratio  gradually  de- 
creased. 

The  toxin  in  the  izushi  possessed  a  molecular  size 
of  about  1 1 .5S,  which  was  not  reduced  by  the  tryptic 
activation.  The  much  higher  stability  shown  with  the 
purified  1 1.5S  toxin  than  the  7S  toxin  at  a  pH  of  izushi 
may  well  explain  the  high  stability  of  the  toxin  in 
izushi. 

Introduction 

Inconsistent  molecular  sizes  of  the  Clostridium  botu- 
linum  toxins  have  been  reported.  A  partially  purified 
trypsin-activated  type  E  toxin  showed  a  main  peak 
with  an  S2o,w  of  12.5  in  ultraccntrifugal  analysis  (3). 
The  precursor  and  the  trypsin-activated  type  E  toxin 
purified  by  us  possessed  the  same  S  >t>,w  of  about  1 1 .5 
(13,  7).  On  the  other  hand,  the  toxin  purified  by 
Gerwing  et  al.  (4),  possessed  an  S2o,w  of  1.70  and  a 
molecular  weight  of  18,600.  They  suggested  that  the 
large  molecular  sized  toxins  are  the  artifacts  formed 
by  aggregation  during  the  purification  procedures 
and  stated  that  the  true  molecular  weight  of  toxin 
should  approximate  the  smallest  figure  (6"). 

The  type  A  toxin  obtained  by  Gerwing,  Dolman, 
and  Bains  (5)  possessed  a  molecular  weight  of  1 2,000, 
but  much  smaller  toxic  peptides  with  a  molecular 
weight  of  about  3,800  were  demonstrated  by  Wagman 
(15)  by  peptic  digestion  of  the  dissociated  toxin  origi- 
nating from  the  crystalline  toxin  with  the  molecular 


weight  of  900,000.  One  would  rather  hesitate,  how- 
ever, to  regard  the  smallest  figure,  3,800,  as  the  true 
molecular  weight  of  type  A  toxin. 

Before  attempting  to  obtain  the  smallest  possible 
figure  of  the  molecular  weight,  one  must  answer  a 
fundamental  question:  What  is  the  true  molecular 
size  of  botulinus  toxin  normally  produced  by  the  or- 
ganisms in  foods  or  in  cultures?  Schantz  and  Spero 
{14)  answered  it  for  some  cases.  They  found  the  sedi- 
mentation constants  of  the  toxins  in  the  spent  cultures, 
without  any  purification  steps,  to  be  about  19S  for 
type  A,  16S  for  type  B,  and  14S  for  the  other  four 
types. 

We  attempted  to  answer  the  question  (12)  in  regard 
to  the  molecular  size  of  type  E  toxin  in  izushi,  the 
foodstuff  involved  in  most  outbreaks  of  human  botu- 
lism in  Japan.  In  this  investigation,  an  izushi  was 
prepared  with  flounders  inoculated  with  the  spores  of 
C.  botulimm  type  E.  The  developed  toxin  was  exam- 
ined for  the  form  and  the  molecular  size  by  gel  filtra- 
tion and  sucrose-density-gradient  separation  and  for 
the  stability  in  the  izushi  kept  under  refrigeration 
for  20  months.  Attempts  were  also  made  to  explain 
why  the  toxin  in  izushi  is  so  stable. 

Materials  and  Methods 

Preparation  of  the  izushi.— Fresh  flounders,  after 
the  heads  and  viscera  had  been  removed,  were  sliced. 
About  250,000  spores  of  C.  botulinum  type  E  strain 
Iwanai  were  injected  into  each  slice.  The  fish  slices 
were  soaked  in  water  in  a  plastic  container  at  20°  to 
23°  C.  for  3  days,  during  which  time  the  water  was 
changed  twice  a  day.  The  soaked  fish  slices,  cooked 
rice,  "koji"  (malted  rice),  and  cut-up  radish  and 
carrot  were  placed  into  a  plastic  container.  The  con- 
tents were  compressed  tightly  and  kept  standing  at 
room  temperature  to  allow  fermentation  for  10  days. 
After  that,  the  izushi  was  kept  under  refrigeration  at 
about  4°  C. 

Preparation  of  toxin  materials.— The  turbid  fluid, 
with  a  pH  of  4.20  to  4.28,  deposited  on  the  izushi  was 
removed.  A  portion  of  a  fish  slice  was  emulsified  in  an 
equal  amount  of  0.1  M  phosphate  buffer,  pH  6.0. 
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The  exudate  and  the  fish  emulsion  were  ccntrifuged 
at  1 2,000  x  g.  for  20  minutes.  The  clear  supernatant 
fluids  served  as  the  toxin  materials.  Partially  purified 
preparations  of  the  precursor  with  an  S2o,w  of  11.5 
were  prepared  by  the  method  described  by  Sakaguchi, 
Sakaguchi  and  Imai  (//).  The  7S  toxin,  one  of  the 
dissociation  products  of  the  1 1 .5S  toxin  (7),  was  pre- 
pared chromatographically  on  DEAE-Sephadex  at 
pH  8  (Kitamura,  Sakaguchi,  unpublished  work). 

Gel  filtration.— A  column  of  Scphadcx  G-100 
(2.5  x  30  cm.)  equilibrated  with  0.05  M  acetate  buffer, 
pH  6.0,  was  loaded  with  5.0  ml.  of  the  exudate  or  the 
fish  extract  prepared  on  the  10th  day  of  fermentation. 
Elution  was  carried  out  at  room  temperature  with 
the  same  buffer.  Tcn-ml.  fractions  were  collected. 
The  protein  content  of  each  fraction  was  determined; 
the  toxicities  of  the  combined  fractions  of  every  three 
tubes  were  determined  before  and  after  tryptic  activa- 
tion. 

Sucrose-density-gradient  separation. — The  fish 
extract  prepared  on  the  10th  day  of  fermentation 
before  and  after  tryptic  activation  was  examined. 
Density  gradient  of  20  to  5  percent  sucrose  was  pre- 
pared by  mixing  two  solutions  of  0.05  M  phosphate 
buffer,  pH  6.0,  containing  sucrose  at  20  percent  and 
5  percent,  respectively.  Two-tenths  milliliter  of  each 
material  was  placed  on  top  of  the  gradient.  The  tubes 
were  centrifuged  in  an  Hitachi  swinging  bucket  rotor, 
model  PRS  40,  at  40,000  r.p.m.  (105,000  x  g.)  for  5 
hours.  The  fractionation  was  accomplished  by  insert- 
ing a  hypodermic  needle  into  the  tube's  bottom  and 
controlling  the  outflow  of  solution  by  water  pressure. 
Fractions  of  20  drops  each  were  collected.  The  toxic 
potency  of  each  fraction  of  the  nonactivated  fish  ex- 
tract and  the  purified  precursor  material  was  deter- 
mined after  tryptic  activation. 

Other  methods. — The  tryptic  activation,  toxin  as- 
say and  protein  determination  were  performed  as 
described  by  Sakaguchi  et  al.  {11).  Toxin  potencies 
after  tryptic  activation  were  also  determined  by  the 
mouse  intravenous  injection  method  (1)  (Sakaguchi, 
Sakaguchi  and  Rondo,  unpublished  work). 

Results 

Development  of  the  toxin  in  the  fish  slices  and 
the  izushi  and  the  stability  of  the  toxin.— One  of 

the  fish  slices,  inoculated  with  the  spores  and  soaked 
in  water  for  3  days,  contained  toxic  potencies  of  320 
and  64,000  LDso/g.  before  and  after  activation,  re- 
spec  lively.  Such  toxigenic  fish  slices  and  other  ingre- 
dients were  packed  together  in  the  container  to  make 
izushi  by  fermentation. 

The  pH  values,  the  toxin  potencies  before  and  after 
tryptic  activation,  and  also  the  survival  of  the  spores 
determined  at  times  during  the  20  months'  storage 


under  refrigeration  are  shown  in  table  1.  The  pH  of 
the  izushi  was  4.20  on  the  4th  day  and  it  no  longer 
changed  appreciably  during  the  following  20  months. 
The  highest  toxin  potency  of  the  fish  meat  was  shown 
on  the  10th  day.  The  toxic  potency  of  the  izushi  did 
not  decrease  rapidly.  Twenty  months  later,  the  fish 
slice  still  contained  a  potential  toxicity  of  52,000 
LDso/g.  and  a  fairly  large  number  of  the  viable  or- 
ganisms. 

Table  1.— Storage  stability  of  Clostridium  botu/Jnum 
type  E  toxin  and  spores  in  fish  meat  in  izushi 


Toxin  potencies 
<LD»/g.) 


Before  Acti-  Spore 

Period  of  pH  of  activa-  After  vation  sur- 
storage       exudate       tion      activation    ratio  vival 


Oday   320        64,000  200   

4  days..  4.20     

10days.__.     4.28        4,100       250,000  61   

77  days   6,400       210,000  33   

10  months                       2,500  100,000        40  + 

20  months..     4.25        3,300  52,000        16  + 


Note. — During  the  firet  10  d»y»,  the  iiuxhl  was  allowed  to  ferment  at 
room  temperature;  after  that  period,  it  waa  kept  at  about  V  C. 

The  molecular  size  of  the  toxin  in  the  izushi: 
Gel  filtration  on  Sephadex  G-100. — The  elution 
patterns  of  the  exudate  and  the  fish  extract  are 
shown  in  figure  1.  The  majority  of  the  toxic  activities 
of  both  samples  were  eluted  in  the  void  volume  (frac- 
tion A),  being  accompanied  by  a  very  small  amount 
of  protein;  no  significant  amount  of  toxic  activity  was 
detected  in  the  retarded  fractions  (fractions  B,  C,  D, 
and  E).  A  large  part  of  the  proteinaceous  substances 
were  eluted  in  the  retarded  fractions. 

Sucrose-density-gradient  separation.— The  pat- 
terns of  the  sucrosc-density-gradient  separation  of  the 
fish  extract  before  and  after  tryptic  activation  and  of 
the  1 1.5S  material  are  shown  in  figure  2.  The  toxins 
in  the  nontreated  and  the  trypsin-activated  extracts 
sedimcnted  to  the  same  relative  position;  the  precursor 
to  a  lesser  extent.  The  position  of  the  peak  of  the 
toxic  activity  and  that  of  the  protein  were  the  same 
with  the  precursor;  most  proteinaceous  substances  in 
the  fish  extract  were  separated  from  the  toxin. 

Since  the  toxic  potency  of  the  fish  extract  was 
much  lower  than  that  of  the  11 .5S  material,  having 
possibly  caused  the  higher  extent  of  sedimentation  of 
the  former,  the  toxin  in  the  extract  was  concentrated 
by  ammonium  sulfate  precipitation  at  50  percent  sat- 
uration. The  precipitate,  dissolved  in  a  smaller 
amount  of  0.1  M  phosphate  buffer,  pH  6.0,  contained 
sixfold  higher  toxicity  than  the  original  fish  extract. 

Sucrosc-density-gradient  separations  were  made  in 
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the  same  way  as  before.  As  seen  in  figure  3,  the  toxic 
activities  of  the  three  materials  sedimcntcd  to  the 
same  relative  position. 

Stability  of  the  11.5S  and  7S  toxins  at  pH  4.4.— 
Figure  4  shows  the  destruction  curves  of  the  precursor 
(11. 5S)  and  the  dissociated  precursor  (7S)  at  pH  4.4 
and  33°  C.  No  decrease  in  the  potential  toxicity  was 
noted  with  the  11. 5S  material;  the  7S  material  lost 
the  toxicity  very  rapidly. 

Discussion 

The  flounder  slice  supported  the  toxin  production 
by  C.  botulinum  type  E  to  the  same  extent  as  a  good 
laboratory  medium  (3).  The  toxin  production  took 
place  mosdy  before  and  immediately  after  the  initia- 
tion of  fermentation.  This  fact  may  justify  the  warn- 
ings issued  by  Kanzawa  and  Iida  (8)  that  izushi 
making  should  be  limited  only  to  the  cold  seasons 
using  very  fresh  fish.  The  soaking  of  the  fish  must  be 
done  in  the  water  at  5°  C,  or  lower  temperature, 
and  acetic  acid  should  preferably  be  added  to  the 
soaking  water. 

The  greater  part  of  the  toxin  in  izushi  was  found 
to  be  in  the  form  of  precursor.  The  activation  ratio, 
however,  gradually  decreased,  possibly  by  partial 
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Figure  2.— Sedimentation  patterns  of  type  E  botulinus  toxin 
in  the  extract  of  the  fish  before  and  after  tryptic  activation 
and  of  the  11.5S  precursor  in 


activation  with  trypsin-like  enzyme  produced  by  con- 
taminating organisms  (9). 

Type  E  botulism  has  often  been  caused  by  acidic 
preserved  foods,  such  as  izushi,  vinegarcd  fish,  etc. 
Although  muldplication  and  toxin  production  of  C. 
botulinum  type  E  in  herring  at  pH  4.0  to  4.2  were 
reported  (2),  no  growth  was  demonstrated  in  a  culture 
medium  at  pH  5.5  or  lower  in  two  days  at  30°  C. 
(10).  In  the  present  invesdgadon,  the  toxin  potency 
in  the  fish  meat  apparently  increased  during  the  first 
10  days  after  the  initiation  of  fermentation.  It  seems, 
however,  that  the  increase  had  taken  place  before  the 
pH  of  the  fish  meat  dropped  to  a  certain  level.  It  is 
noteworthy  that  the  toxin  once  produced  in  izushi 
retains  the  toxicity  for  a  long  time. 

The  gcl-filtradon  experiments  demonstrated  that 
the  toxin  in  izushi  is  for  the  most  part  of  a  large 
molecular  size.  The  sucrosc-density-gradient  separa- 
tion demonstrated  that  the  toxin,  whether  untreated 
or  treated  with  trypsin,  possessed  a  molecular  size  of 
at  least  1 1 .5S.  Since  the  toxin  in  the  fish  extract 
concentrated  with  ammonium  sulfate  sedimcntcd  to 
the  same  reladve  position  as  the  purified  precursor, 
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Figure  4.— Destruction  of  the  precursor  (11.5S)  and  the 
dissociated  precursor  (7S)  at  pH  4.4  and  33°  C. 


the  molecular  size  of  the  toxin  in  izushi  may  be 
approximately  1 1 .5.S 

Recently,  Kitamura,  Sakaguchi,  and  Sakaguchi  (7) 
demonstrated  that  the  molecule  of  the  1I.5S  toxin 
consists  of  two  7S  components.  The  one  named  Ea  is 
toxigenic;  the  other  named  E0  nontoxigenic.  The 
1 1.5S  toxins  were  fairly  stable  at  pH  4  to  5,  while  the 
7S  toxins  lost  toxicity  very  rapidly  at  the  same  pH. 
The  pH  of  izushi  usually  lies  between  4  and  5  (8) 
and  the  value  for  die  present  izushi  was  4.20  to  4.28. 
At  such  acidic  conditions,  the  1 1 .5S  toxin  never  under- 
goes molecular  dissociation.  The  11. 5S  toxin  is  also 
protected  from  proteolytic  destruction  by  different 
enzymes  at  acid  conditions  (13).  Thus,  the  toxin  in 
izushi,  which  is  eaten  without  cooking,  maintains  its 
lethality  for  a  long  period  of  time. 

Since  the  toxin  in  izushi  represents  an  aggregate  of 
the  two  7S  components,  E«  and  E/3  it  is  true  that 
the  victims  of  izushi-borne  botulism  in  this  country 
ingested  principally  this  aggregated  precursor.  From 
the  instability  of  the  dissociated  7S  toxin  at  a  pH  of 
izushi,  the  toxic  unit  smaller  than  7S,  if  there  was 
any,  would  not  be  of  significance  in  the  pathogenesis 
of  type  E  botulism. 
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In  the  United  States  the  common  objective  of 
government  programs  for  the  sanitary  control  of  food 
production,  processing,  and  distribution  is  to  provide 
safe  and  wholesome  foods  to  consumers— including, 
of  course,  foods  free  from  microbiological  health  haz- 
ards such  as  food-borne  pathogens  and  their  toxins. 

For  the  purpose  of  this  discussion  I  wish  to  empha- 
size at  the  outset  that  sanitation  as  it  relates  to  safe 
and  wholesome  foods  is  considered  inseparable  from 
microbiological  health  hazards,  and  is  recognized  as 
one  of  the  paramount  approaches  to  wholesomeness 
and  microbiological  safety  of  foods. 

The  basis  for  Government  regulatory  programs  to 
protect  the  public  health,  including  all  aspects  of 
food  protection,  is  the  law,  or  as  one  frequently  hears 
or  sees  expressed — the  "public  health  law."  The  term 
public  health  law  merely  expresses  the  application  of 
leijal  principles  to  the  practice  of  public  health,  and 
thus  does  not  embody  principles  different  from  those 
applied  to  other  professions  or  interests. 

The  public  health  regulatory  mechanisms  in  the 
United  States  that  pertain  to  food  protection  and 
more  specifically  to  control  of  food-borne  disease- 
including  botulism — arc  complex  and  often  confusing 
to  our  visitors  from  foreign  lands  and  frequently  to 
ourselves  as  well.  To  understand  these  mechanisms 
some  orientation  is  necessary  to  the  types  of  law  to 
which  we  arc  subjected  and  to  our  governmental 
organization  which  provides  for  the  sources  of  law. 
Hamlin  (6")  has  presented  a  most  useful  discussion  of 
the  interrelationship  of  law  and  public  health  admin- 
istration. Accordingly,  I  have  drawn  heavily  from 
pertinent  portions  of  his  treatment  of  the  subject. 

We  shall  then  consider  first  the  types  of  law.  Al- 
though the  types  of  law  may  be  described  in  many 
ways,  for  our  immediate  purposes  they  may  be  referred 
to  as  constitutional  law,  statute  law,  and  administra- 
tive law. 

Briefly,  constitutional  law  is  concerned  with  govern- 
ment organization,  extent  of  jurisdiction  of  sover- 
eignty, and  the  principles  that  underlie  the  inter- 
relationships between  the  government  and  the  people. 
A  constitution  is  a  written  document  that  enumerates 
these  principles. 
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Statute  law  is  law  created  by  enactment  of  legisla- 
tive or  lawmaking  bodies.  These  are  called  statutes, 
ordinances,  codes,  or  bylaws  depending  upon  the  level 
of  government  within  which  the  legislative  body  func- 
tions. (We  shall  return  to  this  later  for  further 
clarification.)  Thus,  there  is  clear  distinction  between 
a  constitution  and  statutes.  A  constitution  is  the  or- 
ganic or  basic  law  of  a  State  or  the  nation  which 
provides  for  the  political  organization;  statutes  are 
made  by  legislative  bodies  established  and  acting  un- 
der the  authority  granted  them  by  the  constitution. 

Administrative  law  is  that  which  is  created  or  enacted 
by  various  government  subdivisions  (i.e.,  the  U.S. 
Food  and  Drug  Administration)  acting  under  the 
authority  provided  them  by  the  appropriate  legislative 
body.  These  enactments  are  commonly  called  rules, 
regulations,  and  orders.  They  prescribe  in  detail  the 
procedure  and  content  of  programs  and  activities  of 
the  government  subdivisions;  they  have  the  effect  of 
law. 

We  shall  turn  now  to  government  organization  in 
the  United  States  through  which  the  sources  of  law 
arc  provided.  A  brief  description  of  both  vertical  and 
horizontal  organization  of  government  is  pertinent. 

Vertically,  our  government  is  organized  in  the  fol- 
lowing descending  order  in  size,  but  not  necessarily 
in  respective  power  or  authority: 

(1)  Federal  or  National; 

(2)  Regional  (a  grouping  of  several  States); 

(3)  State; 

(4)  Regional  (county,  city-county,  township);  and 

(5)  Local  (municipalities;  i.e.,  cities,  villages). 

For  purposes  of  this  discussion  this  descending  order 
may  be  simplified  to  the  three  levels— Federal,  State, 
and  local. 

Historically  the  Federal  Government  has  only  those 
powers  originally  granted  by  the  States  and  embodied 
in  the  Federal  Constitution— all  other  powers  are  re- 
tained by  the  States.  Likewise,  the  powers  or  authori- 
ties of  local  governments  (cities,  villages)  arc  only 
those  delegated  to  them  by  the  States  through  the 
respective  State  constitutions  and  statutes  enacted  by 
State  legislative  bodies. 

At  each  of  the  three  vertical  levels  of  government 
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just  described,  there  are  three  horizontal  branches— 
legislative,  executive,  and  judicial.  The  legislative 
body  enacts  laws;  e.g.,  statutes,  ordinances,  etc.  At 
the  Federal  level  this  is  the  Congress,  consisting  of 
the  U.S.  Senate  and  the  U.S.  House  of  Representa- 
tives; at  the  State  level,  the  respective  State  legisla- 
tures; and  at  the  local  level,  it  is  generally  known  as 
the  city  council.  The  judicial  body  judges  the  applica- 
tion of  laws  to  particular  cases,  their  constitutionality, 
etc.  At  the  Federal  level  this  is  the  Supreme  Court 
and  its  lower  courts;  at  the  State  level,  the  State 
supreme  court  and  its  lower  courts;  and  at  the  local 
level  it  is  the  local  courts.  The  executive  body  ad- 
ministers the  law  or  supervises  enforcement  of  the 
law.  At  the  Federal  level  the  executive  branch  of 
Government  consists  of  the  President  and  officials 
subordinate  to  him;  at  the  State  level,  the  Governor, 
his  subordinates  and  other  elected  officials  having 
executive  power;  and  at  the  local  level,  the  Mayor, 
his  subordinates  and  others  with  executive  authority. 

The  principal  U.S.  Federal  organization  charged 
with  responsibility  for  the  health  of  the  Nation  (in- 
cluding food  protection)  is  the  Deparment  of  Health, 
Education,  and  Welfare  (DHEW).  The  source  of  its 
legal  responsibility  stems  from  its  position  as  a  part  of 
the  executive  branch  of  the  Government.  Generally, 
health  agencies  whether  at  the  Federal,  State,  or  local 
level  have  the  following  legal  powers: 

(1)  Quasi-legislative;  i.e.,  authority  to  enact  rules 
and  regulations; 

(2)  Quasi-judicial;  i.e.,  hold  hearings;  grant,  sus- 
pend or  revoke  licenses  and  permits,  etc.; 

(3)  Plan,  develop,  and  operate  programs; 

(4)  Make  inspections,  conduct  surveys;  and 

(5)  Undertake  pertinent  general  educational  and 
personnel  training  programs. 

These  powers  are  not  inherent  in  health  agencies. 
The  general  authority  for  each  activity  of  the  agency 
must  have  been  previously  granted  by  the  legislative 
body.  Consequendy,  they  are  concerned  largely  with 
administrative  law,  as  authorized  by  the  appropriate 
legislative  body. 

Administrative  responsibility  for  food  protection 
and  other  environmental  health  matters  is  further 
delegated  to  a  subordinate  unit  of  the  department 
known  as  the  Consumer  Protection  and  Environ- 
mental Health  Services  (CPEHS).  This  administrative 
organization  consists  of  three  large  operational  agen- 
cies: The  Food  and  Drug  Administration  (FDA),  the 
Environmental  Control  Administration  (EGA),  and 
the  Air  Pollution  Control  Administration  (APCA). 
Specific  responsibility  for  food  protection  rests  with 
the  FDA,  although  there  are  other  Federal  agencies 
having  similar  but  more  limited  responsibilities.  These 
will  be  referred  to  later. 

The  principal  activity  of  the  Food  and  Drug 


Administration  is  concerned  with  the  enforcement  of 
the  Federal  Food,  Drug,  and  Cosmetic  Act  (3,  4). 
This  act  is  a  regulatory'  act  designed  for  public  pro- 
tection. It  is  a  broad  act  with  broad  aims,  and  in 
enforcement  operations  the  FDA  gages  the  levels  of 
practical,  reasonable  compliance  by  a  concept  of  what 
is  or  is  not  "good  commercial  practice." 

Briefly  the  act  prohibits  adulterated  foods  from  in- 
terstate commerce.  Three  parts  of  one  section  of  the 
act  specifically  cover  die  microbiological  bases  for 
considering  a  food  adulterated.  Section  402(a)(1) 
states  a  food  is  adulterated  "if  it  bears  or  contains 
any  poisonous  or  deleterious  substances  which  may 
render  it  injurious  to  health."  The  presence  in  food 
of  specific  infectious  bacteria  such  as  salmonellae,  die 
enterotoxins  of  staphylococci  or  the  toxins  of  CI.  botu- 
limtm  is  considered  adulteration  under  this  provision 
of  the  Act.  No  other  supporting  evidence  is  needed. 

Section  402(a)(3)  of  the  act  states  that  a  food  is 
adulterated  "if  it  consists  in  whole  or  in  part  of  any 
filthy,  putrid,  or  decomposed  substance  or  if  it  is 
otherwise  unfit  for  food."  It  is  under  this  provision  of 
the  act  that  a  food  may  be  considered  adulterated 
with  filth  if  it  contains  Esfierichia  colt,  excessive  coli- 
form  bacteria  or  excessive  numbers  of  bacteria  in 
general.  It  is  necessary  to  establish,  however,  diat 
such  findings  actually  constitute  filth.  Experience  has 
shown  that  the  best  and  most  reliable  way  of  establish- 
ing that  a  product  is  adulterated  with  filth  is  the 
finding  of  the  filth  in  the  product  supplemented  by 
factory  evidence  of  observed  insanitary  conditions, 
thus  demonstrating  that  the  product  has  been  handled 
in  an  insanitary,  filthy  manner  which  resulted  in  the 
presence  of  excessive  bacteria. 

This  brings  us  to  a  third  pertinent  part  of  the 
section  of  the  act  covering  adulterated  food.  Section 
402(a)(4)  states  that  a  food  is  adulterated  "if  it  has 
been  prepared,  packed,  or  held  under  insanitary  con- 
ditions whereby  it  may  have  become  contaminated 
with  filth  or  whereby  it  may  have  been  rendered 
injurious  to  health."  Thus,  establishment  inspection 
evidence  alone  showing  insanitary  practices  may  con- 
stitute basis  for  legal  action. 

The  definitions  of  "filth,"  "putrid,"  "decomposi- 
tion" are  used  and  applied  by  enforcement  officials 
in  their  common,  everyday  meanings.  Repeated  legal 
decisions  have  substantiated  this  everyday  meaning. 
Without  detracting  from  benefits  to  be  gained  from 
comfortable,  beautiful  surroundings,  it  is  essential  to 
differentiate  between  the  factors  that  contribute  to 
these  conditions  and  those  that  assure  basic  sanitation. 

The  terms  "sanitary"  and  "sanitation"  in  the  nar- 
row sense,  carry  connotations  pertaining  to  health  or 
danger  to  health.  Modern  usage  does  not  restrict 
such  terms  to  conditions  affecting  health  only.  And 
in  the  light  of  the  language  of  paragraph  402  (a)  (4)  of 
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the  Food,  Drug,  and  Cosmetic  Act,  the  terms  must 
be  interpreted  broadly.  The  sanitary  aspect  of 
food  handling,  therefore,  encompasses  the  broad  field 
of  food  plant  sanitation  and  includes  not  only 
conditions  that  lead  to  contamination  of  food  with 
micro-organisms  or  other  elements  dangerous  to 
health,  but  also  filth  and  other  extraneous  matter 
that  have  no  place  in  food  (5).  Also  included  are 
considerations  of  other  aspects  of  food  handling  not 
necessarily  encompassed  in,  but  often  related  to,  food 
plant  sanitation.  The  use  of  unfit  raw  materials  or 
failure  to  provide  for  the  elimination  of  filthy  or  de- 
composed raw  materials  not  infrcquendy  leads  to 
violations  of  paragraph  402(a)(3)  and  may  contribute 
to  insanitary  conditions  in  violation  of  paragraph 
402(a)(4).  Failure  to  process  adequately  or  expedi- 
tiously and  consequent  decomposition  of  foods  by 
micro-organisms  is  another  important  aspect  of  the 
problem. 

Innumerable  inquiries  are  received  by  the  Food 
and  Drug  Administration  as  to  permitted  variations 
from  complete  cleanliness  or  soundness  in  foods.  The 
act  does  not  authorize  "tolerances"  for  filth  or  de- 
composition in  foods.  This  may  be  illustrated  by  the 
language  of  the  Act,  that  a  food  is  adulterated  if  it  is 
produced  under  insanitary  conditions  whereby  it  may 
have  become  contaminated  with  unclean  foreign 
matter. 

This  does  not  mean  that  a  food  is  necessarily  con- 
demned because  of  the  presence  of  foreign  matter  in 
amounts  below  the  irreducible  minimum  after  all 
precautions  humanly  possible  have  been  taken  10 
prevent  contamination.  In  some  instances  the  Food 
and  Drug  Administration  has  informally  advised  pro- 
ducers of  the  basis  upon  which  actions  are  taken 
against  foods  which  may  have  been  subjected  to  attack 
by  insect  pests  or  subjected  to  deterioration  due  to 
climatic  conditions.  As  commercial  practices  improve 
or  an  insect  infestation  is  brought  under  control,  the 
basis  of  action  may  be  lowered. 

Recognition  has  long  been  given  to  the  principle 
that  the  public  is  entiUed  to  protection  from  illness 
and  death  caused  by  consumption  of  impure  foods. 
Initial  regulatory  efforts  were  directed  mainly  toward 
protection  of  food  from  contamination  with  patho- 
genic organisms  or  with  other  substances  harmful  to 
the  health  of  the  consumer.  There  also  has  developed 
a  public  consciousness,  reflected  by  regulatory  agen- 
cies, that  in  addition  to  protection  of  his  health  the 
consumer  has  the  right  to  protection  against  practices 
violating  hygienic  decency —  practices  that  are  offenses 
only  to  his  esthetic  sense.  Often  the  line  of  demarcation 
between  a  harmful  and  a  filthy  food  is  exceedingly 
narrow.  But  since  many  of  the  sources  of  filth  in  food 
products  are  potential  sources  of  disease  organism 
(e.g.,  rodents,  flics,  insects),  they  carry  implications  of 


danger  to  health  although  the  specific  agents  of 
disease  may  be  difficult  or  impossible  to  demonstrate. 

Some  mention  should  be  made  of  the  section  of  the 
Food,  Drug,  and  Cosmetic  Act  that  covers  the  use  of 
food  additives.  Certain  important  microbiological 
considerations  arc  involved.  The  term  "Food  addi- 
tive" for  the  purpose  of  the  Act  means  any  substance 
with  certain  specified  exceptions,  the  intended  use  of 
which  may  result  in  its  becoming  a  component,  either 
directly  or  indirectly,  of  a  food,  or  result  in  its  other- 
wise affecting  the  characteristics  of  a  food  if  such 
substance  is  not  generally  recognized  as  safe.  The 
definition  specifically  includes  any  substance  intended 
for  use  in  producing,  manufacturing,  packing,  process- 
ing, preparing,  treating,  packaging,  transporting,  or 
holding  food;  and  including  any  source  of  radiation 
intended  for  any  such  use.  Hence,  it  is  under  this 
section  of  the  law  that  the  Food  and  Drug  Adminis- 
tration has  an  interest  and  responsiblity  in  the  radia- 
tion treatment  of  food.  The  same  general  procedures 
are  involved  in  the  development  of  radiation  regula- 
tions as  are  followed  in  the  development  of  regulations 
for  other  types  of  food  additives  such  as  preservatives, 
emulsifiers,  and  stabilizers  (2).  In  the  case  of  any 
food  additive,  FDA's  primary  responsibility  is  to  de- 
termine that  the  additive  or  the  process  to  be  regulated 
is  safe,  including  freedom  from  a  microbial  health 
hazard,  and  that  it  does  accomplish  the  intended 
effect.  Therefore,  proposals  submitted  to  the  FDA  for 
use  of  "food  additives"  must  be  supported  by  data 
adequate  to  establish  these  facts.  Various  facets  of 
radiation  processing  of  foods  will  be  covered  exten- 
sively later  in  this  program. 

As  previously  indicated  the  separate  States  operate 
their  intrastate  affairs  with  considerable  autonomy. 
Similarly,  municipalities  exercise  independence  in 
governing  their  internal  affairs  within,  however,  the 
broad  legal  authority  granted  to  them  by  their  respec- 
tive States.  There  is,  therefore,  need  and  desire 
among  the  50  States  and  the  many  thousand  munic- 
ipalities for  uniformity  in  many  aspects  of  State  and 
municipal  government  activity.  Federal  agencies  and 
various  national  organizations  have  provided  effective 
leadership  in  this  regard.  Several  examples  will  serve 
to  illustrate. 

The  Public  Health  Service,  one  of  the  agencies  of 
the  U.S.  Department  of  Health,  Education,  and 
Welfare,  has  since  the  turn  of  this  century  included 
among  its  functions  research,  education  and  regula- 
tory public  health  control  activities  relative  to  milk- 
borne  disease.  In  the  interest  of  effective  and  uniform 
programs  among  the  several  States  for  prevention  of 
milkborne  disease,  the  Public  Health  Service,  in  1924, 
developed  a  model  ordinance  or  regulation,  the  grade 
"A"  Pasteurized  Milk  Ordinance,  now  in  its  13th 
revision  (8).  An  indication  of  its  impact  on  Slate  and 
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local  milk  sanitation  legislation  may  be  gained  from 
the  fact  that  as  of  December  HMvl,  the  ordinanc  e  was 
the  basis  of  the  milk  sanitation  legislation  in  35 
States,  1,435  municipalities  and  Til 2  counties  located 
in  40  Stales.  It  is  recognized  by  the  public  health 
agencies,  the  milk  industry,  and  many  others  as  a 
national  standard  for  milk  sanitation. 

In  the  broad  aspects  of  Food  and  Drug  legislation, 
the  Association  of  Food  and  Drug  Officials  of  the 
United  States  (AFIX)US)  has  been  most  active.  This 
organization  developed  a  "model"  act  known  as  the 
Uniform  State  Food,  Drug,  and  Cosmetic  Act.  Shortly 
after  the  Congress  of  the  United  States  passed  the 
Federal  Food,  Drug,  and  Cosmetic  Act  in  1938, 
AFDOUS  submitted  the  model  law  to  the  Council  of 
State  Governments  for  consideration.  Subsequently, 
it  was  included  among  the  Council's  recommendations 
for  uiuform  State  legislation.  The  model  act  has  served 
a  most  useful  purpose  in  this  regard.  At  the  present 
time  about  35  States  have  food  and  drug  laws  based 
substantially  on  the  provisions  of  die  Uniform  State 
Food,  Drug,  and  Cosmetic  Act.  The  Food  and  Drug 
Administration  has  actively  supported  efforts  directed 
toward  uniformity  of  legislation  of  this  nature  and 
has  continuously  worked  through  the  AFDOUS 
toward  improving  and  updating  the  model  law. 

The  U.  S.  Department  of  Agriculture  has  broad 
responsibility  (7)  beginning  with  the  law  that  estab- 
lished the  USDA  in  1862,  "the  general  designs  and 
duties  of  which  shall  be  to  acquire  and  to  diffuse 
among  the  people  of  the  United  States  useful  informa- 
tion on  subjects  connected  with  agriculture  in  the  most 
general  and  comprehensive  sense  of  the  word.  ..." 
Over  the  years  educational,  research  and  regulatory- 
food  protection  programs  of  great  magnitude  and 
significance  have  evolved. 

These  include  administrative  and  financial  support 
for  research  and  education  in  the  State  Agricultural 
Experiment  Stations;  the  administration  of  animal 
health  regulations  designed  to  prevent  the  spread  of 
disease  from  a  foreign  country  to  the  United  States  or 
from  State  to  State;  authority  for  meat  and  poultry 
inspection  and  for  restricting  the  use  of  contaminated 
meat,  poultry,  and  meat  and  poultry  products;  and 
authority  for  inspection  and  grading  of  dairy  products. 

The  U.  S.  Department  of  the  Interior  (USDI), 
through  its  Bureau  of  Commercial  Fisheries,  operates 
a  voluntary  fishery  products  inspection  and  grading 
service.  The  overall  objective  is  to  promote  the  orderly 
marketing  of  wholesome  fishery  products  of  high 
quality.  Through  this  program,  the  Bureau  provides 
an  impartial,  national  inspection  and  certification 
service  for  all  types  of  processed  fishery  products- 
fresh,  frozen,  canned,  and  cured.  The  program  is 
voluntary,  meaning  that  a  processor  must  request 
and  pay  for  the  service.  In  addition,  grading  services 


are  provided  for  15  frozen  products  for  which  official 
U.S.  grade  standards  have  been  established.  Last  year 
over  260  million  pounds  of  fishery  products  were  in- 
spected representing  22  percent  of  our  domestic  con- 
sumption. 

Two  types  of  service  are  provided,  lot  and  contin- 
uous. Once  a  processor  subscrilxs  to  continuous 
inspection,  he  must  comply  with  rigid  regulations 
regarding  plant  construction,  sanitation  practices, 
product  quality,  and  labeling.  Should  he  fail  to  com- 
ply, he  is  denied  the  benefits  of  the  inspection  service 
and  the  use  of  the  Packed  Under  Continuous  Inspec- 
tion shield  of  the  U.S.  Department  of  the  Interior. 
Subscribers  to  lot  inspection  services  are  issued  a 
certificate  describing  the  conditions  of  the  lot,  but 
they  may  not  apply  inspection  marks  to  packages  of 
their  product. 

Recognizing  the  unique  problems  surrounding  the 
inspection  of  smoked  fish,  and  the  fact  that  the  Food 
and  Drug  Administration  has  published  recommenda- 
tions for  smoked  chub  processing,  the  Bureau  has  set 
up  special  requirements  for  those  requesting  to  smoke 
fish  under  USDI  inspection.  These  requirements  are, 
in  essence,  that  the  fish  smoker  must  meet  the  provi- 
sions of  the  FDA  recommendations  in  addition  to  the 
USDI  requirements  for  all  plants  operating  under  t In- 
continuous  inspection  program. 

While  the  above-mentioned  agencies  provide  major 
impetus  toward  control  of  microbiological  health 
hazards  in  the  interest  of  the  consuming  public  at 
large,  several  other  Federal  agencies  contribute 
importantly  but  through  more  limited  programs.  For 
example,  the  Department  of  Defense  has  responsibility 
for  the  health  of  its  personnel  including  responsibility 
for  safety  of  their  food;  likewise,  the  Treasury  Depart- 
ment has  similar  responsibility  for  the  U.S.  Coast 
Guard;  and  the  National  Space  Administration  has 
important  food  protection  responsibility  in  support  of 
manned  space  exploration  programs. 

In  deference  to  time  and  avoidance  of  redundancy, 
examples  that  could  be  cited  of  food  protection  activ- 
ity by  other  agencies  will  be  omitted. 

Since  Clostridium  botulinum  and  botulism  collectively 
comprise  one  of  the  major  subjects  of  this  conference, 
perhaps  a  brief  description  of  regulatory  control  of 
this  microbiological  hazard  exercised  at  each  of  the 
three  levels  of  U.S.  Government  structure  will  suffice 
to  bring  this  discussion  to  a  close.  This  description 
will  be  confined  to  the  regulation  of  the  smoked  fish 
industry. 

Following  the  U.S.  outbreaks  of  botulism  in  1963 
due  to  smoked  fish,  research  on  the  nature,  ecology 
and  control  of  Clostridium  botulinum,  type  E  accelerated. 
Results  of  these  studies  provided  the  basis  for  legisla- 
tion and  regulation  specifically  affecting  the  smoked 
fish  industry.  The  Food  and  Drug  Administration 
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began  a  stepped  up  program  of  surveillance  invoking 
the  provisions  previously  mentioned  of  section  402  of 
the  Food,  Drug,  and  Cosmetic  Act.  Similarly,  several 
States  and  municipalities  under  authority  of  general 
provisions  of  their  laws  and  regulations  governing  the 
sanitary  operation  of  food  processing  plants  increased 
their  surveillance  of  the  industry. 

The  city  of  Milwaukee,  Wis.,  was  one  of  the  first  to 
enact  specific  legislation,  when  in  1964  the  City 
Council  enacted  an  ordinance  licensing  and  regulating 
smoked  fish  processors,  haulers,  and  distributors  offer- 
ing smoked  fish  for  sale  in  the  city  of  Milwaukee  (/). 
Included  in  the  ordinance  are  requirements  govern- 
ing the  sanitary  condition  of  plant  premises  and 
buildings;  the  safety  of  water  supplies  and  adequacy 
of  sewage  disposal;  the  sanitary  design,  treatment  and 
care  of  fish  processing  and  handling  equipment; 
hygienic  practices  of  personnel;  plant  processing  pro- 
cedures; refrigeration;  a  dating  provision  limiting 
period  of  sale;  and  a  penalty  provision  for  noncompli- 
ance with  the  ordinance.  Specific  processing  require- 
ments include:  (a)  Smoking,  whereby  every  portion 
of  every  fish  shall  be  heated  to  at  least  180°  F.  for  a 
minimum  period  of  30  minutes,  (b)  packaging  at 
place  of  processing,  (c)  cooling  and  packaging  within 
2  hours  after  smoking,  (d)  refrigeration  immediately 
after  packaging  and  maintenance  of  refrigeration 
throughout  storage,  transportation,  and  retail  display, 
and  (e)  a  labeling  requirement  limiting  sale  to  a 
period  not  to  exceed  7  days  after  smoking. 

In  the  same  year,  1964,  the  Wisconsin  State  De- 
partment of  Agriculture  promulgated  specific  regula- 
tions (administrative  law)  governing  operations  of  the 
smoked  fish  industry  (9).  Requirements  similar  to 
those  of  the  city  of  Milwaukee  are  included.  The 
labeling  requirement,  however,  limits  the  period  of 
sale  to  not  more  than  14  days  after  smoking,  and  a 
salt  (sodium  chloride)  content  of  not  less  than  5  per- 
cent in  the  water  phase  of  the  loin  muscle  is  an 
additional  requirement. 

At  the  federal  level  the  Food  and  Drug  Adminis- 
tration continues  its  surveillance  of  the  industry  as 
previously  indicated;  however,  in  1967  the  FDA  pub- 
lished "recommendations"  in  the  form  of  "Good 
Manufacturing  Practice  Guidelines"  primarily  for  use 
by  its  inspectors  but  which  were  disseminated  to  the 
industry.  These  were  based  upon  studies  conducted 
by  the  Bureau  of  Commercial  Fisheries,  U.S.  Depart- 
ment of  the  Interior,  which  indicated  that  180°  F.  for 
30  minutes  during  processing  should  destroy  most 
type  E  spores,  and  if  brining  is  accomplished  in  such 
manner  as  to  result  in  a  salt  content  in  excess  of  3 
percent  in  the  aqueous  phase  of  the  loin  muscle,  and 
if  the  fish  are  held  at  38°  F.  or  less,  the  surviving 
spores  will  be  prevented  from  growing  out  in  the  fish. 


Accordingly,  the  recommended  "Guidelines"  include 
the  temperature-time  for  processing  (180°  F. — 30 
minutes),  general  sanitation  practices,  proper  refrig- 
eration, and  not  less  than  3  percent  salt  in  the  aqueous 
phase  of  the  loin  muscle. 

As  noted  previously  the  Bureau  of  Commercial 
Fisheries  through  its  operation  of  the  voluntary  fishery 
products  inspection  and  grading  service  requires  that 
the  fish  smoker  must  meet  the  provisions  of  the  FDA 
recommendations  in  addition  to  the  USDI  require- 
ments for  all  plants  operating  under  the  continuous 
inspection  program. 

Admittedly  there  have  been  problems  relative  to 
compliance  especially  with  the  heat  treatment  of  180° 
F.  for  30  minutes  specified  in  recommendations,  ordi- 
nances or  regulations.  Adverse  effect  of  the  heat  treat- 
ment on  the  quality  of  the  fish  is  a  common  complaint. 
For  this  and  odicr  reasons  the  Bureau  of  Commercial 
Fisheries  and  others  have  carried  out  extensive  studies 
on  the  use  of  sodium  nitrite  in  the  brining  procedure, 
whereby  less  severe  heat  treatments  may  be  used, 
thus  minimizing  heat  damage  to  fish  quality.  These 
studies  will  be  reviewed  later  in  this  program  and 
will  not  be  discussed  further  at  this  point.  Commercial 
use  of  this  compound  at  present  is  questionable  be- 
cause the  problem  of  possible  formation  of  dimethyl- 
nistrosaminc,  a  carcinogen,  in  the  smoked  fish  has 
not  been  resolved. 

The  account  just  given  of  the  "tri-level"  system  of 
governmental  regulatory  activity  directed  toward  the 
control  of  the  smoked  fish  industry  is  only  one  of 
many  examples  that  could  be  given.  Much  remains 
to  be  accomplished  in  establishing  throughout  the 
U.S.  uniform  and  effective  regulatory  programs  for 
consumer  protection  from  microbiological  hazards  in 
foods.  Increasing  efforts,  however,  arc  being  made  to 
bring  State  and  Federal  programs  in  many  areas  into 
common  agreement.  Progress  may,  to  some,  seem 
slow  and  cumbersome;  nevertheless,  we  are  fortunate 
that  the  very  nature  of  our  Government  organiza- 
tional structure  and  operation  is  conducive  to  consid- 
ered judgment  in  the  interest  of  the  common  good. 

The  author  wishes  to  acknowledge  and  express  his 
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Though  outbreaks  of  botulism  attributable  to  Clos- 
tridium botulinum  type  E  have  occurred  with  consider- 
able frequency  and  sonic  regularity  since  1932  when 
the  first  outbreak  was  reported,  relatively  little  infor- 
mation concerning  the  heat  resistance  of  this  organism 
has  thus  far  been  accumulated. 

Type  E  spores  were  recognized  early  as  being  less 
heat  resistant  than  the  other  known  botulinal  types. 
Early  workers  such  as  Kushnir  ct  al.  ('J)  and  Hazen 
(8)  found  it  necessary  to  omit  the  traditional  practice 
of  heating  samples  to  80°  C.  for  30  minutes  or  more 
to  obtain  positive  results.  Though  Hazen  (8)  orginally 
described  the  thermal  resistance  of  type  E  spores  as 
approximately  10  minutes  at  80°  C,  the  first  definitive 
statement  of  the  heat  resistance  of  this  group  was 
published  by  Gunnison  and  her  coworkers  (7)  who 
reported  that  in  pi  I  7.4  buffer  solution,  5  million 
spores  per  milliliter  were  destroyed  in  2  minutes  at 
100°  C,  and  in  6  minutes  at  B0°  C,  whereas  50 
million  spores  per  milliliter  were  destroyed  in  5  and 
40  minutes,  respectively,  at  these  same  temperatures. 

Not  until  1953,  however,  did  Dolman  and  Chang 
(5)  make  the  point,  in  discussing  the  epidemiology 
and  pathogenesis  of  type  E  fishbornc  botulism,  that 
type  E  spores,  with  rare  exception,  are  heat-labile 
but  may  vary  widely  in  their  heat  resistance. 

Since  that  time,  a  number  of  workers  have  reported 
on  the  thermal  resistance  of  spores  of  this  organism. 
The  first  precise  description  of  type  E  thermal  resist- 
ance is  that  of  Ohyc  and  Scott  (/J).  These  workers 
heated  spores  of  strains  103  and  108  in  M/15  phos- 
phate buffer  pH  7.0  and  enumerated  survivors  after 
various  periods  of  exposure  at  70°,  75°,  and  80°  C. 
The  I)  values  for  strain  103  were  36,  10,  and  3.3 
minutes,  and  for  strain  108,  7.8,  3.1,  and  0.4  minutes, 
respectively. 

At  the  Symposium  on  Botulism  held  in  Cincinnati 
in  1964,  Schmidt  (77)  presented  data  on  the  thermal 
resistance  of  the  Minneapolis  strain  of  type  E  spores. 
In  separate  trials  in  which  two  different  suspensions 
were  heated  in  trypticase-peptonc-glucosc  (TPG) 
medium,  the  strain  was  characterized  by  a  l)]-«  (80° 
C.)  of  1.9  and  a  z  of  16  in  the  first  trial,  and  a  Dim 
(80°  C.)  of  1.8  and  a  z  of  14  in  the  second  trial.  The 
second  suspension  was  also  tested  in  M/15  phosphate 
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buffer  at  pH  7,0  and  under  these  conditions,  the 
Dirt;  (80°  C.)  value  was  2.3  minutes  with  a  z  of  15. 

Roberts  and  Ingram  (15)  measured  the  heat  resist- 
ance of  several  strains  of  type  E  spores  in  water  by 
the  open-tube,  sealed-ampoule,  and  scaled-capillary- 
tube  methods.  Their  results  characterized  the  organ- 
ism with  a  Di7o  in  the  range  of  0.6  to  1.25  and  a  z  of 
approximately  10.  More  recently,  Bohrcr  (3)  and  his 
coworkers  at  the  National  Canners  Association  labora- 
tories in  Washington,  D.C.,  determined  tliat  the  Dj7« 
(80°  C.)  value  for  four  strains  of  type  E  spores  in 
M/15  phosphate  buffer  ranged  from  1.2  to  1.5  with  z 
values  between  approximately  13  and  15.  Table  1 
presents  a  compilation  of  the  data  accumulated  to 
date  on  the  heat  resistance  of  type  E  spores,  and  the 
findings  of  these  various  authors  are  in  good  agree- 
ment. 

It  is  obvious  from  table  I  that  type  E  spores  are 
much  less  resistant  than  types  A  and  B,  and  it  is 
apparent  that  the  1)I7,;  (80°  C.)  value  for  various 
strains  of  type  E  spores  is  in  the  range  of  0.3  to  3.3 
when  heated  in  aqueous  solutions  and  under  circum- 
stances that  guarantee  maintenance  of  wet  heat  condi- 
tions throughout  the  thermal  process.  The  z  values 
for  these  spore  types  range  between  a  low  of  7.4  for 
strain  HE,  as  determined  by  Roberts  and  Ingram, 
and  a  high  of  17  for  strain  103,  as  reported  by  Ohye 
and  Scott  (//).  There  is  some  question,  however,  as 
to  the  validity  of  the  low  z  values  reported  by  Roberts 
and  Ingram  because  these  values  are  based  on  only 
two  points. 

These  data  indicate  that  type  E  spores  are  relatively 
heat  sensitive  and  display  heat  resistance  intermediate 
between  vegetative  cells  and  heat  resistant  spores. 
Though  these  data  reveal  the  adequacy  of  thermal 
processes  based  on  temperatures  of  80°  C.  or  above, 
there  remains  a  questioning  attitude  on  the  part  of 
some  because  a  few  published  reports  have  noted 
survival  times  much  in  excess  of  those  observed  by 
the  workers  listed  in  table  1.  Graikoski  and  Kcmpc 
(6)  reported  that  survivors  existed  after  heating  spores 
in  phosphate  buffer  in  open  tubes  for  120  minutes  at 
85°  C.  and  for  60  minutes  at  90°  C.  These  authors 
used  both  open  tubes  and  scaled  ampoules,  and  the 
"tailing"   effect  was  observed  with  both  systems. 
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Table  1.— The  wet-heat  resistance  of  C.  botu/fnum  type  E  spores 
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Exposure         Scaled  TDT  tubes,  ampoules,  or 
Strain  temperature  °C.       capillary  lubes  containing— 


/ 

*  - 

T17.0 

3.30 

1 14.0 

.40/ 

14.0 

1.78 

15.0 

2.30/ 

10.5 

.&j 

9.5 

.75 

10.0 

1.00 

10.5 

0.87 

7  A 
/.4 

0.80 

10.8 

1.25 

10.7 

.83 

9.0 

.33 

10.0 

.66 

112.8 

1.17^ 

1 1 5.0 

l.iol 

*|  14.0 

1.35f 

114.5 

1.45J 

Reference 


103  

108  

Minneapolis. 
Do 

Alaska  

Beluga  

Iwanai  

Minneapolis. 

8E  

1957/61  .... 

1537/62  

16/63  

4318/63  

Saratoga  

Beluga  

Alaska  

1304  E  


70,  75,  80 
70,  75,  80 


70,  80 


M/15  P04  buffer  pH  7.0. 

fTPG  

1M/15  P04  buffer  pH  7.0. 


Water 


70,  75,  80         M/15  PO,  buffer  pH  7.0. 


Ohyc  and  Scott,  1957. 
1964. 


Roberts  and  Ingram,  1965. 


Bolirer  et  al.,  1966. 


Though  an  explanation  offered  by  Roberts  and  In- 
gram may  be  applied  to  the  extended  survival  times 
noted  in  open  tubes  in  their  own  work  as  well  as  that 
of  Graikoski  and  Kempe,  no  such  explanation  suffices 
for  die  limited  scaled-tube  data  of  the  latter  workers. 
Roberts  and  Ingram  (75)  state:  "the  most  plausible 
explanation  of  the  discrepancy  between  the  results 
using  open  tubes  and  capillary  tubes  for  estimating 
heat  resistance  is  that  the  former  gave  erroneously 
high  values  because  a  few  cells  were  incompletely 
heated.  This  might  have  been  due  to  the  formation 
of  microdrops  in  the  atmosphere  of  the  tube,  though 
macroscopic  splashing  was  avoided." 

"An  alternative  explanation  is  that  drying  of  micro- 
drops  occurred  even  in  the  comparatively  short-heat- 
ing time,  and  that  a  few  spores  were,  in  fact,  heated 
in  the  dry  state,  when  their  heat  resistance  might 
reasonably  be  expected  to  be  considerably  greater 
than  in  aqueous  suspension." 

The  fishbornc  outbreaks  of  botulism  in  1963  that 
occurred  in  the  United  States  prompted  the  U.S. 
Public  Health  Service,  as  well  as  other  Federal  agen- 
cies, to  review  the  adequacy  of  smoked  fish  processes 
that  are  used  in  the  United  States.  Under  the  super- 
vision of  Dr.  F.  D.  Crisley,  we  undertook,  in  our 
Cincinnati  laboratories,  a  study  of  the  thermal  resist- 
ance of  type  E  spores  in  fish.  Beluga,  Alaska,  Iwanai, 
Tenno,  and  8E  strains  of  type  E  spores  were  used. 
Whole  frozen  Great  Lakes  chubs  were  ground  and 
the  resulting  fish  paste  was  sterilized  by  autoclaving. 
The  sterile  fish  paste  was  inoculated  with  1  x  10fi 
heat  resistant  spores  per  gram.  The  count  for  heat 
resistant  spores  was  determined  by  enumerating  the 
number  of  spores  per  milliliter  in  the  inoculum  that 
survived  an  exposure  of  15  minutes  at  60°  C.  Thermal 
death  time  (TDT)  tubes  were  filled  with  1.0  g.  of  in- 
oculated fish  paste  and  flame  sealed.  Heat  resistance 


studies  were  performed  at  165  (73.9°  C),  170  (76.7° 
C),  175  (79.4°  C),  and  185°  F.  (85°  C.)  by  com- 
plete submersion  of  the  sealed  tubes  in  a  water  bath. 
Ten  tubes  per  exposure  time  interval  were  examined 
for  survivors  by  subculture  of  the  tube  contents  in 
Noycs'  veal  broth  medium  containing  0.2  percent  solu- 
ble starch  and  0.5  percent  glucose  (/).  The  recovery 
cultures  were  incubated  at  30°  C.  and  examined  for 
growth  and  gas  production  periodically  for  168  hours. 
The  cultures  were  then  incubated  at  room  tempera- 
ture for  an  additional  6  months  to  allow  for  delayed 
germination.  Tubes  in  which  growth  had  occurred 
were  tested  for  specific  type  E  toxicity  by  means  of  the 
mouse  protection  test  and  specific  type  E  antitoxin. 

End  points  or  F  values  were  determined  for  each 
strain  and  exposure  temperature.  The  F  values  for 
temperatures  of  175°  F.,  180°  F.,  and  185°  F.,  and 
their  corresponding  95  percent  confidence  limits  arc 
presented  in  table  2.  Particular  note  should  be  taken 
that  with  the  most  resistant  strain  studied  (Alaska), 
17  minutes  exposure  at  180°  F.  were  required  to 
destroy  1  x  10fi  spores.  To  compare  these  data  to 
those  presented  in  table  1,  it  is  necessary  to  convert 
from  F  to  D  values.  By  means  of  the  interconversion 
equation  of  Schmidt  (16)  for  calculating  D  from  F 
F 

values  (D  =   where  A  is  the  number  of 

log  A  +  2 

spores  in  the  inoculum),  the  D170  values  presented  in 
table  3  are  obtained.  Note  again  that  the  Di70  values 
are  all  small  and  are  in  good  agreement  with  those  pre- 
sented in  table  1  for  aqueous  solutions. 

I  to  and  Denny  (private  communications)  of  the 
National  Canners  Association  laboratories  have  in- 
dependently conducted  limited  studies  of  the  thermal 
resistance  of  type  E  spores  in  food  substrates.  Denny 
inoculated  the  liquid  from  commercially  canned 
whole  kernel  corn  with  12  million  spores  per  milliliter 
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Table  2. -Thermal  death  time  of  C.  botulhwm  type  E»  spores  in  sterile  flih  paste 


175s  F.  (79.4°  C.)  180°  F.  (82.2°  C.)  185°  F.  (85*  C.) 

Strain  "F  95  percent  CI.  *F  95  percent  C.I.  "F  95  percent  C.I. 


 ..40.7  28.7-57.7  17.0  10.5-27.4  7.1  3.8-13.1 

 20.3  17.2-23.9  8.6                  6.9-10.5  3.6  2.H-  4.7 

8E  7   -17.2  10.4-28.4  5.7                  2.9-10.7  I.H  0.8-  4.1 

lwanai  14.8  12.3-18.0  6.4                 4.9-  8.2  2.7  2.0-  3.8 

Tcnno   15.8  11.5-21.6  6.5                  4.1-10.3  2.7  1.5-  5.0 

'Inoculum  -  1  i  10*  sporea  per  irain. 


Table  3.— Thermal  resistance  of  C  botulinum  type  E 
spores  in  sterile  fish  paste 


Strain 

Dm  (80°  C.) 

Alaska  

4.3 

13.2 

Beluga. .  

2.1 

13.3 

8E  

1.8 

10.3 

lwanai  

1.6 

13.6 

Tenno.  

1.6 

13.1 

^TOOllura^^lO  ^wre»jp*r  «nuB-^  of  Schmidt  »nd  uiuming  log,. 


of  the  suspension  of  the  Saratoga  strain  used  by 
Bolirer  and  shown  in  table  1.  The  reaction  of  the 
liquid  was  pH  6.2.  One  milliliter  of  the  inoculated 
liquid  was  dispensed  into  TDT  tubes,  and  the  tubes 
were  flame  sealed  and  heated  by  complete  immersion. 
Thermal  death  time  determinations  were  performed 
using  10  tubes  per  interval.  By  means  of  the  intcrcon- 
version  formula,  the  D170  value  for  this  system  was 
calculated  to  be  1.28  as  compared  with  1.17  for  the 
same  strain  heated  in  M/15  phosphate  buffer. 

I  to  also  conducted  thermal  resistance  studies  on 
the  Saratoga  strain  in  yellowfin  tuna.  The  tests  were 
conducted  using  six  replicate  TDT  cans.  Thirteen 
grams  of  rendered  tuna  were  placed  in  a  TDT  can. 
Each  container  was  then  inoculated  with  1  x  108 
spores.  The  containers  were  immersed  in  a  constant 
temperature  water  bath,  removed  at  the  appropriate 
time  intervals,  cooled,  and  then  incubated  at  30°  C. 
Each  container  that  swelled  was  tested  for  toxicity  to 


confirm  the  presence  of  type  E  organisms.  The  tests 
were  run  twice.  The  organism  on  both  occasions  sur- 
vived 5  minutes  but  was  destroyed  in  8  minutes  at 
180°F.  The  Diso  of  the  two  runs  was  0.74  minutes. 

Data  on  the  thermal  resistance  of  type  E  spores  in 
various  substrates,  independendy  collected  and  re- 
ported by  different  investigators,  are  compiled  in 
table  4.  This  table  and  those  presented  previously 
clearly  indicate  that  type  E  spores  are  readily  de- 
stroyed by  wet  heat  provided  that  carefully  controlled 
conditions  arc  applied  throughout  the  heating  cycle 
to  ensure  the  maintenance  of  wet  heat  conditions. 
Based  on  the  findings  to  date  and  assuming  logarith- 
mic destruction,  a  wet  heat  process  of  180°  F.  for  30 
minutes  should  destroy  approximately  10"  spores  of 
the  more  resistant  of  the  strains  studied  thus  far. 

That  viable  type  E  spores  do  survive  a  commercial 
smoking  process  in  which  the  internal  temperature  of 
the  loin  muscle  of  fish  is  heated  to  180°  F.  and  held 
continuously  for  no  less  than  30  minutes  was  first 
reported  by  Pace  et  al.  (12,  13,  14)  who  demonstrated 
that  1  percent  of  such  fish  were  contaminated  after 
processing.  Shortly  thereafter,  Christiansen  et  al.  (4) 
reported  on  experiments  in  which  they  injected  1  x 
106  type  E  spores  into  the  loin  muscle  of  Great  Lakes 
Chubs  and  smoked  them  to  an  internal  temperature 
of  180°  F.  for  30  minutes.  Viable  type  E  spores  were 
found  in  practically  all  the  fish  so  processed.  In  view 
of  the  data  presented  in  this  review  thus  far,  the 
observations  of  Pace  et  al.  and  Christiansen  et  al. 
pose  a  fascinating  question.  Namely,  by  what  tnecha- 


Table  4 —Thermal  resistance  of  C.  botulinum  type  E  spores  in  various  substrates 


Heated  in  sealed  TDT  tubes 


Number  of  different 
strains  studied  by  all 


Dm 


DIM 


Water,  buffer  solution,  or  culture  medium. 


Fish  or  com  liquor. 


[Ohyc  and  Scott,  1957  ) 

I  Schmidt,  1964.   I 

I  Roberts  and  Ingram,  1 965 

.Bohrer  et  al.,  1966   

flto,  1968   _  

{Denny,  1968   

(Crisley  and  Angelotti,  1968. 
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nism  do  type  E  spores  associated  with  fish  survive  a 
thermal  process  of  180°  F.  for  30  minutes?  Christiansen 
et  al.  (4)  stated  that  the  intramuscular  injection  of 
spores  resulted  in  some  spore  leakage  back  onto  the 
skin  of  the  fish.  They  demonstrated  that  the  skin 
moisture  level  of  fish  is  reduced  early  in  the  smoking 
process  and  suggested  that  spores  located  on  the  dry 
skin  were  surviving  the  process  because  dry  heat  is 
known  to  be  less  effective  than  wet  heat.  In  an  at- 
tempt to  experimentally  test  tlus  hypothesis,  they 
inoculated  fish  in  the  loin  muscle  with  1  x  106  spores 
and  heated  the  fish  in  scaled  plastic  pouches.  A  hori- 
zontal midline  seal  with  a  gap  of  2  inches  gave  two 
interconnected  compartments  within  the  pouch.  The 
fish  were  located  in  the  upper  compartment,  and  50 
ml.  of  TPG-yeast  extract  broth  were  contained  in  the 
bottom  compartment.  The  pouches  were  scaled  above 
the  fish  and  heated  to  an  internal  fish  temperature  of 
180°  F.  for  30  minutes.  Viable  spores  were  present  in 
68  percent  of  the  fish  so  processed.  In  view  of  these 
data,  it  is  difficult  to  accept  surface  drying  as  the 
answer  to  the  puzzle.  On  the  other  hand,  Pace  et  al. 
(personal  communication)  have  attempted  to  establish 
whether  a  timc-tcmpcrature-relative-humidity  rela- 
tionship is  contributing  to  spore  survival  in  smoked 
fish.  They  employed  "cured"  fish  in  these  studies. 
Cured  fish  arc  those  that  have  been  smoked  to  an 
internal  temperature  of  135°  F.  to  155°  F.  for  ap- 
proximately 2  hours.  This  process  is  employed  com- 
mercially in  Milwaukee  to  "set  the  color"  of  the  fish 
and  is  followed  by  an  additional  heating  to  180°  F. 
for  30  minutes.  By  means  of  an  electronically  con- 
trolled environmental  chamber,  the  effects  of  relative 
humidity  and  temperature  on  the  survival  of  type  E 
spores  inoculated  intramuscularly  and  onto  the  surface 
of  cured  chubs  has  been  determined.  Temperature- 
relative  humidity  combinations  in  the  range  of  140° 
F.  (60°  C.)  to  190.4°  F.  (88°  C.)  and  20  through 
90  percent  relative  humidity  have  been  employed. 
The  data  collected  to  date  indicate  that  70  per- 
cent relative  humidity  is  the  minimum  environ- 
mental chamber  humidity  that  will  consistently  free 
fish  of  viable  type  E  spores  when  an  internal  fish 
temperature  of  179.6°  F.  (82°  C.)  for  30  minutes  is 
used.  Combinations  of  lower  internal  fish  tempera- 
tures and  lower  environmental  chamber  relative 
humidities  consistently  yielded  viable  spores.  Con- 
versely, lower  environmental  chamber  relative  humid- 
ity but  higher  internal  fish  temperature  for  30  minutes 
consistently  yielded  fish  free  of  survivors.  At  an  en- 
vironmental chamber  relative  humidity  of  50  percent 
and  an  internal  fish  temperature  of  190.4°  F.  (88° 
C.)  for  30  minutes,  fish  were  consistendy  rendered 
free  of  viable  type  E  spores.  Some  of  these  data  are 
summarized  in  tables  5  and  6. 

It  is  difficult,  at  this  point,  to  reconcile  the  data  of 


Table  5.— Effect  of  heating  chamber  relative  humidity 
on  the  survival  of  C  botulinum  type  E  spores  located 
in  or  on  fish  heated  to  an  internal  temperature  of 
179.6*  F.  (82*  C.)  for  30  minutes 


Total  time 
in  chamber 


Inoculum    Spore  load 
per  fish 


Hour 


Min- 
utes 


■  Cham- 
ber 
K.H 


Number  of 
lish  pro- 
ducing 
toxic  cul- 
tures/ 

number  fish 
examined 


Surface  _ 


Intra- 
muscular. 


304 
468 
578 

1.2  x  10s 
6  x  105 

6.3  x  10* 

1.7  x  104 
1.6  x  10» 
4.1  x  10< 


65 
35 
10 
22 
20 
I. "J 

40 

35 
35 


63 
70 
82 
61 
70 
80 

61 
70 
80 


0/5 
0/5 
2/5 
0/5 
0/5 

2/5 
0/5 
0/5 


Table  6.— Effect  of  heating  chamber  relative  humidity 
on  the  survival  of  C.  botulinum  type  E  spores  located 
in  or  on  fish  heated  to  an  internal  temperature  of 
190.4*  F.  (88*  C.)  for  30  minutes 


Total  time 
in  chamber 


Inoculum  Spore  load 
location       per  fish 


Hour 


Min- 
utes 


Cham- 
ber 
RH 


Number  of 
fish  pro- 
ducing 
toxic  cul- 
tures/ 

number  fish 
examined 


Surface. 


Intra- 
muscular. 


6.1  x  10* 

1 

30 

30 

5/5 

1.2  x  10s 

! 

33 

39 

5/5 

1.6  x  10s 

! 

26 

50 

0/5 

2.5  x  10* 

1 

32 

61 

0/5 

4.1  x  10' 

1 

40 

31 

5/5 

5.9  x  10< 

:l 

2 

40 

1/5 

2.2  x  10* 

1 

40 

5! 

0/5 

4.6  x  10* 

! 

43 

61 

0/5 

Christiansen  and  Pace.  Pace  achieved  consistent  kill 
of  type  E  spores  in  or  on  fish  heated  to  an  internal 
temperature  of  179.6°  F.  for  30  minutes  with  an  en- 
vironmental relative  humidity  of  70  percent,  whereas 
Christiansen,  at  a  slightly  higher  temperature  and  an 
assumed  even  higher  relative  humidity,  possibly  a 
saturated  environment,  found  survivors  in  68  percent 
of  the  samples.  To  add  further  intrigue  to  the  puzzle 
arc  the  recent  data  collected  at  the  Food  Research 
Institute  of  die  University  of  Wisconsin.  Upon  request, 
Dr.  Sugiyama  graciously  supplied  me  with  data  from 
his  laboratory  that,  as  yet,  have  not  been  published. 
In  separate  experiments,  sterile  jars,  some  empty  and 
some  containing  TPG  broth,  were  placed  in  a  smoke 
chamber  immediately  below  fish  diat  had  been  inoc- 
ulated intramuscularly  with  1  x  106  spores.  The  drip- 
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pings  from  these  fish  were  collected  in  the  jars  for  10 
minutes.  The  jars  were  removed  from  beneath  the 
fish  and  placed  in  another  area  of  the  smoking  cham- 
ber. Heat  was  then  introduced,  and  the  fish  were 
processed  to  an  internal  temperature  of  180°  F.  for 
30  minutes.  Following  the  process,  TPG  was  added 
to  the  jars  that  had  not  contained  the  broth,  and 
tests  for  viable  type  E  spores  were  applied  to  all  the 
jars  after  appropriate  incubation.  Fourteen  of  16  jars 
in  which  drippings  had  been  collected  and  that  were 
heated  without  broth  were  shown  to  contain  viable 
type  E  spores.  None  of  the  16  jars  in  which  drippings 
had  been  collected  and  heated  in  TPG  broth  con- 
tained viable  type  E  spores.  These  data  indicate  that 
survival  of  spores  occurs  in  a  smokehouse  and  that, 
after  processing,  fish  may  become  recontaminated  with 
dried  spores  that  are  present  in  the  smokehouse.  These 
experiments  may  offer  an  explanation  for  the  observed 
contamination  rate  of  commercially  processed  fish.  In 
other  experiments,  Sugiyama  inoculated  fish  intra- 
muscularly or  on  the  surface  with  one  million  spores 
and  hung  them  in  2-quart  jars  containing  200  ml. 
TPG  broth.  The  jars  were  covered  with  screw  capped 
lids  with  a  small  hole  in  the  center  of  the  lid  and  the 
fish  were  heated  to  an  internal  temperature  of  180° 
F.  for  30  minutes.  Viable  type  E  spores  were  found  in 
35  of  36  fish  inoculated  intramuscularly  but  in  only 
three  of  25  fish  inoculated  on  the  surface.  If,  as 
demonstrated  by  Pace,  high  humidity  enhances  spore 
inactivation,  why  were  not  the  spores  located  in- 
ternally killed  in  these  experiments  of  Sugiyama?  If 
one  accepts  that  both  types  of  inoculated  fish  were 
heated  under  comparable  conditions  of  moisture  and 
temperature,  one  concludes  that  the  location  of  the 
spore  inoculum  influences  heat  resistance  and  the 
question  may  now  be  asked,  "Are  spores  in  the  muscle 
of  fish  more  resistant  than  those  located  on  the  surface 
and,  if  so,  why?" 

In  a  recent  publication  concerning  the  influence  of 
spore  moisture  content  on  dry-heat  resistance, 
Angelotti  et  al.  (2)  defined  a  wet  or  moist-heat  sterili- 
zation cycle  as  one  in  which  the  organism  is  in  contact 
with  an  environment  having  a  water  activity  of  1.0 
or  a  water  saturated  atmosphere.  These  conditions 
arc  met  only  when  the  organism  is  heated  in  contact 
with  pure  water  or  saturated  steam.  This  definition 
of  wet  heat  implies  that  there  are  varying  degrees  of 
dry  heat  and  that  the  latter  is  not  a  specific  condition 
but  is  a  range  of  conditions  that  may  be  influenced  by 
the  moisture  content  of  the  spore  before  and  during 
heating,  the  water  vapor  pressure  and  the  flow  rate 
of  the  gaseous  atmosphere  in  contact  with  the  spore, 
and  the  chemical  hydration  and  water  vapor  sorption 
characteristics  of  the  material  in  or  on  which  the 
spore  is  located.  We  corroborated  the  findings  of 
Murrell  and  Scott  (10)  that  spores  are  most  resistant 


to  dry  heat  when  adjusted  to  a  water  activity  in  the 
range  of  0.2  to  0.4  and  heated  at  an  equilibrium 
relative  humidity  of  20  to  40  percent.  In  addition,  we 
independently  demonstrated  that  the  dry-heat  resist- 
ance of  Bacillus  subtilis  var.  niger  spores  is  influenced 
by  the  initial  spore  moisture  content,  by  the  rate  at 
which  spores  dry  out  during  heating,  and,  lastly,  by 
the  equilibrium  relative  humidity  of  the  system  at 
temperature. 

In  reviewing  the  thermal  inactivation  studies  of 
type  E  spores  in  smoked  fish,  it  becomes  apparent 
that,  in  no  case,  is  wet  heat  being  applied  as  defined 
above.  Thus,  the  smoking  of  fish  is  performed  within 
that  rather  wide  range  of  conditions  know  as  dry 
heat.  The  brining  of  fish  will  affect  the  water  activity 
of  the  spores  located  in  and  on  fish.  The  initial  fish 
moisture  content  as  well  as  the  water  vapor  pressure 
and  the  flow  rate  of  gas  within  the  chamber  will 
affect  the  rate  at  which  the  fish  dry  during  heating. 
This  latter  rate,  in  turn,  will  affect  the  rate  and 
the  degree  of  change  in  spore  moisture  content  during 
processing.  Murrell  and  Scott  (10)  reported  that  of 
the  several  species  of  bacterial  spores  they  studied,  C. 
bottdinum  type  E  showed  the  greatest  response  to  the 
water  activity  of  the  heating  medium.  A  100,000-fold 
greater  heat  resistance  was  noted  at  a  water  activity 
of  0.2  to  0.3  than  at  1.0.  Herein  may  lie  the  answer  to 
the  apparent  anomalies  in  the  data  collected  by 
Christiansen,  Pace,  and  Sugiyama.  Brining,  heat 
coagulation  of  fish  protein,  and  fish  desiccation  all 
result  in  some  change  in  water  activity  of  the  fish 
flesh  during  processing.  A  reduction  in  water  activity 
to  that  range  at  which  type  E  spores  are  maximally 
resistant  could  easily  occur.  Assuming  that  such 
changes  do  occur,  then  the  controlling  factors  that 
influence  survival  of  spores  located  in  fish  would  be 
the  initial  water  activity  of  the  spores  that  develops 
as  a  result  of  the  equilibrium  reaction  between  the 
spores  and  the  fish  flesh  and  the  rate  of  change  of  this 
water  activity  during  processing.  The  rate  of  change 
in  water  activity  would  be  influenced,  in  turn,  by  the 
amount  of  moisture  in  the  gas  and  the  flow  rate  of 
the  gas.  In  pursuing  this  hypothesis  further,  it  appears 
reasonable  that  the  factor  that  influences  survival  of 
spores  located  on  fish  may  be  the  moisture  content  of 
the  gaseous  processing  environment.  A  dry  environ- 
ment permits  rapid  drying  of  fish  surfaces  with  a 
consequent  reduction  in  spore  moisture  contents  to 
levels  that  enhance  thermal  resistance.  Wet  or  high 
humidity  environments  prevent  desiccation  of  spores 
located  on  fish  surfaces  and  the  water  activity  of 
spores  heated  under  such  conditions  remains  high 
and  within  the  range  described  by  Murrell  and  Scott 
as  that  at  which  type  E  spores  are  thermally  labile. 

Data  presently  available  demonstrate,  unequivo- 
cally, that  C.  botulinum  type  E  spores  arc  not  partir- 
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ularly  resistant  to  wet  heat.  Little  more  of  value 
appears  to  be  gained  by  additional  studies  of  the  wet- 
heat  resistance  of  this  organism.  The  survival  of  type 
E  spores  in  smoked  fish  that  have  experienced  condi- 
tions that  superficially  appear  to  be  those  of  wet  heat 
suggests  that  food  scientists  may  be  well  advised  to 
turn  their  attention  to  the  study  of  the  dry-heat  resist- 
ance of  this  organism  and  to  the  identification  of 
those  physiochcinical  environmental  factors  that  cause 
dry-heat  conditions  to  develop  within  a  food  in  spite 
of  the  presence  of  moisture  in  the  hot  environment. 
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The  thermal  resistance  of  Clostridium  botulinum  type 
A  and  B  spores  has  been  the  subject  of  many  reports. 
Van  Ermengem  was  one  of  the  earliest  to  report  the 
thermal  resistance  of  C.  botulinum.  He  concluded, 
erroneously,  that  a  process  of  1  hour  at  80°  C.  ( 1 76° 
F.)  would  effectively  destroy  C.  botulinum  spores  (30). 
Unfortunately,  the  results  of  these  heat  resistance  ex- 
periments were  widely  accepted  and  were  even  the 
basis  for  a  bulletin  on  home  canning  of  vegetables 

U). 

After  conducting  epidemiological  studies  upon  sev- 
eral incidents  of  food  poisoning,  Dickson  (5)  began  to 
question  the  safety  of  the  "cold-pack"  method  of  home 
canning.  He  inoculated  quart  jars  of  peas  and  corn 
and  cooked  them  for  the  recommended  times.  He 
found  that  they  soon  became  toxic. 

In  view  of  the  previous  findings  Dickson,  Burke, 
and  Ward  (6")  thought  it  advisable  to  carry  out  a 
thorough  study  on  the  thermal  resistance  of  C.  botu- 
linum spores  and  also  to  investigate  the  efficacy  of  the 
various  recommended  methods  of  home  canning  being 
utilized  at  the  time.  They  found  that  C.  botulinum 
spores  were  able  to  survive  2  hours  in  boiling  water. 
They  found  that  the  addition  of  5  percent  lemon 
juice  markedly  reduced  the  thermal  death  point.  As 
a  result  of  these  experiments  they  concluded  that  a 
number  of  environmental  factors,  which  were  not 
previously  considered,  markedly  influenced  the  resist- 
ance of  C.  botulinum  spores.  This  in  turn  cast  doubts 
upon  the  recommended  home  canning  methods  of 
the  time. 

Burke  (2)  continued  the  investigation  of  the  ade- 
quacy of  the  home  canning  methods  of  the  period. 
She  conducted  thermal  resistance  studies  on  10  C. 
botulinum  strains.  She  heated  individual  strains  in  test 
tubes  in  brain  medium  and  found  survival  after  4 
hours  at  100°  C.  She  concluded  that  the  recommended 
home  canning  methods  were  inadequate.  Her  studies 
also  indicated  that  of  the  methods  advocated  at  the 
time,  pressure  canning  was  the  only  safe  method. 

Weiss  {31)  heated  16  strains  in  sheep  brain  medium 
and  found  considerable  variation  in  thermal  resist- 
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ancc.  The  most  resistant  suspension  tested  was  de- 
stroyed within  5  hours  at  100°  C.  Weiss  also  studied 
the  thermal  death  point  of  C.  botulinum  spores  in  the 
juice  from  36  varieties  of  canned  food  (32).  He  found 
the  spore  resistance  to  vary  with  the  pH,  consistency 
and  syrup  concentration.  Spores  inoculated  into  the 
juice  from  succotash  and  lima  beans  were  the  most 
resistant,  surviving  150  minutes,  but  not  180  minutes 
at  100°  C.  Spores  in  juice  from  spinach  and  sweet 
corn  survived  120  minutes,  but  not  150  minutes  at 
100°  C. 

In  1922,  the  now  classic  study  by  Esty  and  Meyer 
on  C.  botulinum  heat  resistance  was  reported  (9).  They 
examined  109  different  type  A  and  B  strains  at  each 
of  five  heating  temperatures  between  100°  and  120° 
C.  They  observed  that  the  death  rate  of  these  suspen- 
sions were  logarithmic  between  100°  and  120°  C,  that 
the  heat  resistance  was  a  function  of  spore  concentra- 
tion, that  the  pH  affected  the  thermal  resistance  and 
that  variations  in  resistance  occurred  depending  upon 
growth  medium,  strain,  and  heating  menstruum.  In 
an  attempt  to  obtain  reproducible  results  most  of 
their  heating  tests  were  conducted  in  M/15  Sorensen's 
phosphate  buffer,  pH  7.0.  Because  they  used  this 
heating  medium,  the  thermal  resistance  of  other  C. 
botulinum  spore  suspensions  can  still  be  related  to  their 
experimental  values.  This  is  of  great  value  in  deter- 
mining the  suitability  of  new  spore  suspensions  for 
use  in  TDT  (thermal  death  time)  tests  in  food  for 
which  commercial  heat  processes  are  to  be  calculated. 

Their  thermal  destruction  values  for  60  billion 
spores  were  4  minutes  at  120°  C,  33  minutes  at  110° 
C.  and  330  minutes  at  100°  C.  This  resistance  was 
many  times  that  reported  by  Van  Ermengem.  Town- 
send,  Esty,  and  Basch  (28)  in  1938  substantiated  the 
work  of  Esty  and  Meyer.  They  applied  a  correction 
for  the  heating  lag  and  obtained  a  corrected  value  of 
2.45  minutes  at  121.1°  C.  (250°  F). 

The  available  experimental  data  on  the  thermal  re- 
sistance of  type  E  spores  are  quite  meager  compared 
to  that  available  for  types  A  and  B  spores.  Gunnison, 
Cummings,  and  Meyer  (//)  noted  in  1936  that  the 
thermal  resistance  of  type  E  was  quite  low.  They 
heated  5  million  spores  per  milliliter  in  pH  7.4  buffer, 
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and  found  them  to  be  destroyed  after  heating  at 
100"  C.  for  2  minutes  or  80°  C.  for  6  minutes.  Dolman 
and  Chang  (7)  have  reported  wide  variability  in 
the  hcat-rcsistance  of  type  E.  spores.  They  reported 
that  some  spores  were  able  to  withstand  as  long  as 
30  minutes  at  100°  C,  while  others  could  not  with- 
stand 5  minutes  at  100°  C.  Nakamura  et  al.  (18), 
after  testing  eight  type  E  strains,  were  able  to  report 
relatively  low  resistance  with  80°  C.  for  20  minutes 
or  90°  C.  for  5  minutes  destroying  all  spores.  The 
relatively  low  thermal  resistance  of  type  E  spores  has 
also  been  reported  by  several  other  investigators. 
(12,  20,  21,  22). 

Several  methods  have  been  used  in  determining 
the  thermal  resistance  values.  Dickson  et  al.  (6)  used 
10  ml.  of  material  in  a  thin  glass  test  tube  immersed 
in  a  water  bath.  Heated  material  was  removed  at 
appropriate  intervals,  then  subcultured.  Esty  and 
Meyer  (9)  used  narrow  glass  tubes,  7  mm.  in  diameter 
by  250  mm.  long,  inoculated  with  2  ml.  of  suspension 
and  flame  sealed.  The  tubes  were  then  immersed  in 
an  electrically  heated  oil  bath.  At  appropriate  time 
intervals,  tubes  were  removed  from  the  bath,  opened 
and  then  subcultured.  Townsend,  Esty,  and  Baselt 
(28)  placed  13  ml.  of  food  sample  in  TDT  cans, 
size  208  x  006  (2^  inches  by  three-eighths  of  an  inch). 
The  containers  were  heated  in  a  battery  of  small 
retorts.  This  apparatus  was  designed  by  A.  C. 
Richardson  to  enable  more  accurate  TDT  determina- 
tions. 

Other  TDT  devices  which  have  been  used  are 
the  "tank"  method  of  Williams,  Merrill,  and  Cam- 
eron (33)  and  the  Thcrmoresistometer  method  of 
Stumbo  (24).  The  Thcrmoresistometer  has  been  used 
most  often  at  high  temperatures  where  very  short 
healing  times  prevail. 

Much  of  the  current  data  on  the  thermal  resistance- 
arc  expressed  in  terms  of  D  values,  the  time  in  minutes 
at  constant  temperature  required  to  destroy  90  percent 
of  the  original  population.  On  this  basis  Esty  and 
Meyer's  data  as  corrected  by  Townsend  et  al.,  give 
a  D121. i=0.204  minutes.  Schmidt  (22)  has  obtained 
an  extrapolated  D121.1  =  0.200  minutes  in  phosphate 
buffer  and  Tsuji  and  Perkins  (29)  have  obtained  an 
extrapolated  Di2i.i  =  0.2l  minutes  in  phosphate 
buffer.  Knock  and  Lambrecht  (14),  using  a  type  B 
strain,  isolated  from  South  African  soil,  have  obtained 
an  extrapolated  Di2i.i=0.36  minutes  in  phosphate 
buffer.  The  phosphate  data  of  Esty  and  Meyer  have, 
therefore,  been  substantiated  by  other  investigators. 

No  maximum  phosphate  working  value  similar  to 
Esty  and  Meyer's  value  for  type  A  and  B  spores  has 
yet  been  obtained  for  type  E  spores.  Table  1  gives  D 
values  we  have  obtained  using  1  x  107  spores  per  milli- 
liter TDT  tubes  in  a  constant  temperature  badi. 

These  values  arc  similar  to  those  of  Schmidt  (22), 


Table  1.- 

Therma 

1  reslstai 

ice  of  C.  bot 

ulinum  tj 

peE 

IM/15 

phosphat 

c  buffer,  pH  7.0] 

D  values 

158°  F. 

163"  F. 

167"  F. 

170'F. 

Strain      z 1 

:t\) 

(70"  C.) 

(72.83C.) 

(75"C.) 

(80"  C.) 

Saratoga . 

13 

33.8 
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14 

29.3 

8.0 

5.1 

1.4 

Alaska  

14 

37.5 

11.8 

5.3 

1.6 

1304  F._ 

15 

29.6 

10.6 

5.6 

1.8 

who  found  the  Minneapolis  strain  had  a  D*o  =  2.3 
minutes;  Roberts  and  Ingrain  (21),  who  heated 
nine  strains  and  found  a  Dso  range  of  less  than  0.33 
to  1.25  minutes;  and  Ohye  and  Scott  (20),  who  ob- 
tained a  Dso  of  3.3  and  0.4  minutes. 

The  thermal  resistance  of  C.  botulinum  is  markedly 
affected  by  environmental  conditions.  Weiss  (32) 
noted  that  the  thermal  death  point  varied  with  the 
hydrogen-ion  concentration  of  a  particular  food.  The 
more  acid  foods,  such  as  canned  fruits  required  a 
maximum  of  50  minutes  at  100°  C.  to  destroy  their 
spore  inoculum,  while  the  less  acid  foods,  such  as 
vegetable  products,  required  as  long  as  180  minutes  at 
100°  C.  to  destroy  their  spore  inoculum.  Esty  and 
Meyer  (9)  found  C.  botulinum  had  maximum  resistance 
between  pH  6.3  and  6.9.  They  indicated  a  marked 
influence  on  the  heat  resistance  by  the  hydrogen-ion 
concentration  at  pi  I  values  below  5.0  and  above  10.0. 
Lang  (15)  in  his  investigations  found  no  apparent 
correlation  between  pH  and  heat  resistance  between 
pi  I  5.4  to  6.8.  However,  he  noted  a  marked  reduction 
in  resistance  at  pH  4.9.  Sognefest,  Hays,  Wheaton, 
and  Benjamin  (23)  concluded  that  the  lower  the  pH 
of  a  raw  vegetable  within  the  range  of  pH  4.9  to  9.0, 
the  lower  the  sterilizing  value  required  to  insure  a 
commercially  sterile  product.  Xczoncs  and  Hutchings 
(34)  found  the  D  values  to  increase  with  an  increase 
in  pH.  They  found  the  pH  effect  to  be  greatest  at 
lower  temperatures,  between  110°  and  115.6°  C. 

Salt  has  been  found  by  some  workers  to  affect  the 
thermal  resistance.  Weiss  (31)  found  the  resistance 
reduced  by  the  presence  of  3  percent  salt.  Esty  and 
Meyer  (9)  noted  an  enhancement  in  resistance  with 
0.5  to  1.0  percent,  no  decrease  from  1  to  6  percent 
and  a  larger  decrease  with  more  than  8  percent. 
Ycsair  and  Cameron  (35)  noted  a  reduction  with  3.5 
percent  salt  at  temperatures  below  110°  C.  but  no 
appreciable  effect  at  1 10°  to  1 12.8°  C. 

Sugiyama  noted  an  increase  in  thermal  resistance 
with  an  increase  in  sucrose  concentration  (25).  He 
also  noted  (26)  that  spores  grown  in  media  supple- 
mented with  fatty  acids  had  increased  thermal  resist- 
ance. In  general,  he  found  mat  the  longer  die  fatty 
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acid  chain,  the  greater  the  increase  in  heat  toler- 
ance. Lang  (/J)  observed  an  increased  resistance  when 
spores  were  trapped  in  oil.  Murrell  and  Scott  (17) 
have  indicated  that  C.  botulinum  type  B  spores  have 
increased  resistance  at  lower  water  activity,  the  maxi- 
mum occurring  between  aw  =  0.2  to  0.4.  This  is  af- 
firmation of  the  accepted  fact  that  spores  heated  under 
dry  conditions  are  more  resistant  than  those  heated 
under  moist  conditions. 

Table  2  indicates  some  resistance  values  which  have 
been  obtained  for  C.  botulinum  type  A  and/or  B  spores 
in  foods.  The  extent  to  which  each  environmental 
factor,  such  as  the  type  of  food,  pH  and  the  amount 
of  fat  influences  the  thermal  resistance  is  not  always 
clearly  predictable. 

Today,  many  canned  foods  arc  convenience  foods; 
foods  which  are  packaged  in  such  a  manner  as  to 
enable  the  housewife  to  prepare  a  meal  with  a  mini- 
mum of  effort.  As  a  result  many  commodities  art- 
packed  in  exotic  sauces,  different  styles  and  combina- 
tions of  ingredients,  each  component  of  which  will 
affect  the  thermal  resistance  and  the  ultimate  process 
which  the  product  will  receive. 

Thermal  resistance  data  in  food  substrates  alone  are 
not  sulficient  information  upon  which  to  base  a  pro- 
cess. However,  when  such  data  arc  combined  with 
the  rate  at  which  a  product  heats,  a  process  may 
be  calculated  for  the  product.  Under  some  conditions 
it  is  recommended  that  the  calculated  process  be  con- 
firmed by  use  of  an  inoculated  pack. 

Much  of  the  research  effort  of  the  National  Canners 
Association  (NCA)  and  the  container  and  equipment 
manufacturers  on  the  heat  resistance  of  C.  botulinum 
types  A  and  B  has  been  in  specific  products.  New 
information  concerning  thermal  death  times,  heat 
penetration,  and  design  of  commercial  canning  equip- 
ment are  periodically  reviewed  by  the  Processing 
Committee  of  NCA.  This  group  consists  of  thermal 
processing  specialists  from  container  manufacturing 
companies,  manufacturers  of  processing  equipment 


and  NCA  staff  members.  This  group  periodically  re- 
vises processing  bulletins  such  as  the  Bulletin  26-L, 
Processes  for  Low-Acid  Canned  Foods  in  Metal  Con- 
tainers and  the  Bulletin  30-L,  Processes  for  Low- 
Acid  Canned  Foods  in  Glass  Containers. 

The  term  "processed"  as  used  in  NCA  Bulletin 
26-L  means  the  application  of  heat  to  scaled  con- 
tainers for  a  definite  time  and  at  a  definite  tempera- 
ture under  specific  conditions.  The  purpose  of  process- 
ing is  to  produce  a  commercially  sterile  product. 
Commercial  sterility  for  low-acid  foods  may  be  defined 
as  that  condition  in  which  all  C.  botulinum  spores  and 
all  other  pathogenic  bacteria  have  been  destroyed,  as 
well  as  the  more  heat  resistant  organisms  which,  if 
present,  could  produce  spoilage  under  normal  condi- 
tions of  storage  and  distribution.  Since,  in  the  case  of 
heat  processing,  the  typical  spoilage  types  arc  much 
more  heat  resistant  than  C.  botulinum,  processes  for 
spoilage  control  carry  a  considerable  margin  of  safety. 

The  margin  of  safety  in  thermally  processed  foods 
can  be  increased  further  by  reducing  the  number  of 
viable  organisms  on  the  raw  product  and  by  prevent- 
ing the  rccontamination  of  the  product  after  the  proc- 
ess. The  use  of  germicidal  solutions  can  be  of  great 
use  in  these  areas  of  application. 

Although  germicides  have  been  effectively  used  for 
the  destruction  of  micro-organisms  for  many  years, 
their  effectiveness  against  anaerobic  spore  formers, 
and  in  particular  C.  botulinum  spores,  has  received 
only  slight  attention.  This  lack  of  definitive  informa- 
tion on  the  germicidal  resistance  of  C.  botulinum  spores 
was  emphasized  by  the  case  in  which  a  commercially 
canned  food,  known  to  be  properly  sterilized,  became 
toxic.  It  is  presumed  that  viable  C.  botulinum  spores 
were  able  to  invade  the  containers  through  defective 
scams,  possibly  during  water-cooling  of  the  containers. 
Since  chlorine  is  the  principal  germicide  used  in  the 
canning  plant  considerable  interest  developed  in  the 
effectiveness  of  chlorine  as  a  chemical  disinfectant 
against  C.  botulinum  spores. 


Table  2.-Resistance  of  C.  botulinum  types  A  and  B  in  foods 


Extrapolated 


Product  Nature  of  substrate  pH  Dm.,1  z(°F.)  Reference 


Asparagus   Pureed  .   5.5 

Corn  Cream  style   6.3 

Do  Chopped    

Peas  Pureed   6.0 

Spinach   Chopped  

Do  Creamed    .   —  5.8 

Sweet  potatoes  Chopped  with  added  syrup  5.5 

Tuna  Pureed   5.9 

Rock  lobster.  liquor   .....  6.6 


il.ll) 
.24 
.16 
.14 
.15 
.34 
.12 
.34 
.30 


16.7  Getchell  ct  al.  (10). 

19.3  NCA  (19). 

18.5  Kaplan  et  al.  (13). 

17.0  NCA  (19). 

18.5  Kaplan  et  al.  (13). 

NCA  (19). 
17.7  Collier  (4). 

25.0  NCA(/9). 
19.0  Knock  and  Lambrccht 

(14). 
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Germicidal  resistance  studies  have  been  conducted 
utilizing  an  adaptation  of  the  Chamber's  (J)  method 
of  evaluating  bactericidal  agents  (12).  Ninety-nine 
milliliters  of  test  solution  were  placed  in  a  250  ml. 
narrow-mouthed  Erlenmeyer  flask  capped  with  a 
rubber  serum-type  stopper.  The  flask  was  placed 
inverted  upon  a  mechanical  wrist  action  shaker 
and  continuously  agitated.  One  milliliter  of  spore 
suspension,  containing  I08  spores,  was  inoculated  into 
the  test  solution  using  a  hypodermic  syringe  and 
needle.  The  test  solution  was  neutralized  with  sterile 
sodium  thiosulfate  after  the  appropriate  time  intervals. 
The  germicidal  solutions  were  used  in  water  solutions 
and  in  buffer  solutions.  Phosphate  buffer,  pH  6.5,  w  as 
used  as  the  standard  buffer  mixture.  The  concentra- 
tion of  the  chlorine  or  iodine  present  was  determined 
by  ampcronictric  titration.  The  number  of  viable 
spores  remaining  after  a  given  time  interval  was  deter- 
mined by  culturing  appropriate  dilutions  of  de- 
neutralized test  solutions  in  triplicate,  in  pork-pea 
infusion  agar  in  Prickett  tubes.  The  colonies  were 
counted  after  20  to  72  hours'  incubation  at  30°  C. 

There  are  a  large  number  of  commercially  avail- 
able germicides  which  arc  used  in  cannery  sanitation. 
Several  of  these  germicidal  compounds  were  tested  to 
determine  their  efficacy  as  sporicidal  agents  for  types 
A,  B,  and  E  spores.  Representative  results  of  these 
tests,  shown  in  table  3,  indicate  that  under  the  test 
conditions  of  constant  pH,  temperature,  spore  con- 
centration and  germicide  concentration,  calcium 
hypochlorite,  sodium  hypochlorite,  and  gas  chlori- 
nated water  have  equal  effectiveness  as  sporicidal 
agents  for  C.  botulinum  types  A,  B,  and  E  spores.  The 
two  detergent-chlorine  compounds  tested  were  not  as 
efficient  as  sporicides.  The  iodophor  which  was  tested 
was  also  not  as  effective  as  the  hypochlorite  solutions 
or  the  gas  chlorinated  water. 

Chlorine  has  been  shown  to  have  an  effective  spori- 


cidal action  against  C.  botulinum  types  A,  B,  and  E 
spores  (12).  Two  type  A,  two  type  B,  and  four  type  E 
strains  were  tested  in  calcium  hypochlorite  solution 
at  4.5  p.p.m.  free  available  chlorine,  in  pH  6.5  phos- 
phate buffer  at  25°  C.  A  sigmoid-shaped  survivor 
curve  was  constructed  based  upon  the  number  of 
viable  spores  present  after  a  given  time  interval.  The 
time  to  reduce  the  number  of  survivors  to  99.99  per- 
cent of  the  original  number  was  3  and  8  minutes  for 
the  two  type  B  strains  and  6  and  8  minutes  for  the 
two  type  A  strains.  The  four  type  E  strains  required 
4  to  6  minutes  in  order  to  obtain  a  similar  reduction. 
Tonncy,  Greer,  and  Liebig  (27)  obtained  destruction 
of  one  type  A  culture  in  15  to  30  seconds  at  15 
p.p.m.  and  four  type  B  cultures  in  15  to  30  seconds  at 
17.5  p.p.m.  In  contrast,  Dozicr  (8)  used  sodium 
hypochlorite  of  4,500  to  5,000  p.p.m.  and  found  it 
ineffective  after  1  hour. 

In  order  to  determine  the  efTect  of  pll  on  the 
germicidal  property  of  chlorine,  buffers  at  pH  3.5 
and  5.0  were  prepared  from  a  mixture  of  disodium 
hydrogen  phosphate  and  acetic  acid.  Buffers  at  pH 
6.5  to  8.0  were  prepared  using  disodium  hydrogen 
phosphate  and  potassium  dihydrogen  phosphate. 
Buffer  components  were  used  in  the  concentration  of 
0.1  M  or  less. 

Table  4  shows  the- chlorine  resistance  of  types  A,  B, 
and  E  spores  exposed  to  buffered  solutions  of  calcium 
hypochlorite.  As  the  pi  I  increased  from  3.5  to  8.0, 
there  was  also  an  increase  in  the  time  required  to 
reduce  the  spore  population  to  99.99  percent  of  the 
original  number.  Of  particular  interest  is  the  marked 
increase  in  time  required  for  reduction  when  the  pH 
increased  from  7.0  to  8.0.  When  10  p.p.m.  sodium 
hypochlorite  is  placed  in  tap  water,  the  pH  is  in- 
creased to  over  8.0.  Thus  when  used  in  cannery  sanita- 
tion, increased  exposure  time  may  be  required  to 


Table  3.— Resistance  of  C.  botulinum  types  A,  B,  and  E  to  germicidal  compounds 

|1  x  H)4  spore*  till.  pH  ti.5  phosphate  buffer,  25':'C] 


Time  to  destroy  99.99  percent 


Type  A  Type  B  Type  F. 


Concentration  Concentration  Concentration 
Germicide                    (p.p.m.)            Minutes  (p.p.m. j  Minutes  (p.p.m.)  Minutes 


Calcium  hypochlorite                         4.5                   8.0  4.5  7.4  4.5  4.0 

Sodium  hypochlorite   4.5  8.0  4.5  3.8 

Gas  chlorinated  water                          4.5                    8.2  4.5  8.0  4.5  4.6 

Dichloro(s)  triazinetrione                    10.0                  15.0  20.0  >15.0  10.0  7.2 

Trichloro  cyanuric  acid                      4.5                 17.0  '  500.0  40.0  5.0  9.0 

Butoxy  polypropoxy  poly- 
ethoxy  ethanol-iodine 

complex   '100.0  >23.0 


>pH  10  Ji— unbuffered  solution. 
'pH  2.8 — unbuffered  solution. 
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Table  4.— Chlorine  resistance  of  C  botulinum  types 
A,  B,  and  E  at  various  pH  levels 

(4.5  p. p.m.  free  available  chlorine,  1  x  10*  spores  per 
milliliter,  25°  C] 


Time  (in  minutes)  to  destroy  99.99  percent 


pH  12885A  213B  Saratoga  E 


3.5    2.1  3.7  1.0 

5.0   4.3  6.2  2.8 

6.5   7.8  7.8  4.0 

7.0   8.5  8.7  5.0 

7.5   10.6  11.2  7.6 

8.0    24.0  26.6  17.0 


overcome  the  loss  of  effectiveness  due  to  the  increase 
in  pH. 

Water  used  in  cannery  sanitation  varies  in  tempera- 
ture. The  effect  of  temperature  upon  the  sporicidal 
properties  of  chlorine  solutions  was  investigated  using 
water-jacketed,  250  ml.  Erlcnmeycr  flasks  as  the  test 
vessels.  Water  from  a  circulating  cooling  bath  was 
used  to  cool  the  test  solution.  The  test  solution  was 
maintained  within  ±0.5°  C.  of  the  desired  tempera- 
ture. Table  5  shows  the  effect  of  temperature  upon 
the  sporicidal  properties  of  calcium  hypochlorite  solu- 
tions. 

Table  5.— Effect  of  temperature  upon  sporicidal  properties 
of  calcium  hypochlorite  solutions 

(1  x  10*  spores  per  milliliter,  pH  6.5  phosphate  buffer, 
4.5  p. p.m.  free  available  chlorine) 

Time  (in  minutes)  to  destroy  99.99  percent 


Organism  25e  C.  15°  C.  5°  C. 


62A   6.0  15  35 

213B   6.0  20  40 

Saratoga  E   4.0  10  24 


A  decrease  in  temperature  necessitated  an  increase 
in  exposure  time  in  order  to  achieve  comparable  re- 
duction in  spore  numbers.  The  reduction  time  ap- 
proximately doubled  for  each  10°  C.  decrease  in 
temperature.  Mercer  and  Somers  (76)  have  noted 
that  usage  of  the  increased  germicidal  activity  of 
chlorine  solutions  at  elevated  temperatures  will  de- 
pend upon  the  type  of  chlorine  compound  from  which 
the  solution  is  prepared  as  well  as  the  intended  use  of 
the  solution. 

When  used  in  the  cannery,  chlorine  solutions  often 
cannot  be  used  under  the  ideal  conditions  which  are 
employed  in  experimental  studies.  The  organic  sub- 
stances which  are  often  present  combine  with  chlorine 
and  reduce  its  effectiveness.  The  effect  of  organic 


material  upon  the  sporicidal  properties  of  chlorine  is 
shown  in  table  6. 

Table  6.— Effect  of  organic  material  on  the  chlorine 
resistance  of  C  botulinum  12885A,  213B,  and  Saratoga  E 


|l  x  10*  sp. 

ares  per  i 

milliliter,  25°  C.l 

Time  to 

destroy  99.99  percent 

I2885A 

213B           Saratoga  E 

Type  of 
organic  material 

Time1 

Con- 
cen- 
tra- 

1  tion2 

Con-  Con- 
cen-  cen- 
tra- tra- 
Tiroc1    tion2  Time1  tion' 

Oil 

(0.1  percent).. 
Peptone 
(0.001  percent) 

8.0 
6.0 

4.5 
4.5 

7.4     4.5      4.0  4.5 
10.0      4.5      6.0  4.5 

8.0 

5.8 

7.0      8.0      4.5  8.0 

'Minutes, 


"Part*  per  million. 

The  time  required  to  cause  a  99.99  percent  reduc- 
tion in  the  number  of  oil-coated  spores  is  longer  than 
for  uncoatcd  spores  at  the  same  chlorine  concentra- 
tion. Organic  debris,  such  as  peptone,  combines  with 
the  free  available  chlorine,  causing  the  chlorine  solu- 
tion to  be  ineffective.  Enough  chlorine  must  be  added 
to  obtain  a  free  residual  adequate  in  concentration  to 
be  germicidal. 

The  ability  of  germicides,  particularly  chlorine,  to 
effectively  act  as  a  sporicide  is  greatly  influenced  by 
the  method  and  environment  in  which  it  is  used. 
When  used  with  care,  with  consideration  for  pH, 
water  temperature,  and  assurance  of  a  sufficient  free 
residual  concentration,  hypochlorite  or  other  germi- 
cidal solutions  can  effectively  be  used  to  reduce  C. 
botulinum  spore  populations  as  they  have  been  used  to 
reduce  other  harmful  bacterial  populations. 
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Summary 

In  order  to  establish  the  chemical  nature  of  the 
volatile  acid  odors  produced  by  Clostridium  botulinum 
during  growth,  volatile  fatty  acids  were  determined 
by  gas  chromatography  in  cultures  of  Cooked  Meat 
Broth  inoculated  with  each  strain  of  the  six  toxin 
types. 

Acetic,  propionic,  n-butyric,  isobutyric,  n-valeric, 
isovaleric  (and/or  active  ot-mcthyl-butyric),  and  iso- 
caproic  acids  were  identified  in  the  cultures  of  the 
proteolytic  strains  of  types  A,  B,  and  F.  The  branched- 
chain  acids  except  isocaproic  acid  were  deduced  to 
be  metabolic  products  derived  from  certain  amino 
acids  by  Stickland  reaction. 

Propionic  acid,  in  higher  proportion  than  acetic 
and  n-butyric  acids,  was  identified  in  the  cultures  of 
types  Cfi  and  D. 

N-butyric  acid,  in  considerable  higher  proportion 
than  acetic  and  propionic  acids,  was  identified  in  the 
cultures  of  the  nonproteolytic  strains  of  types  B,  E, 
and  F.  Furthermore,  the  chemical  nature  of  the  off- 
odors  which  developed  in  some  incriminated  foods 
was  examined.  An  abnormally  high  proportion  of  n- 
butyric  acid,  being  responsible  for  the  "butyric  acid- 
like  odor,"  was  found  in  the  homemade  izushi  of  raw 
fish,  which  had  caused  an  episode  of  human  type  E 
botulism.  Also,  a  high  proportion  of  propionic  acid  as 
well  as  n-butyric  acid  were  found  in  the  raw  whale 
meat,  which  had  caused  an  outbreak  of  type  C0 
botulism  in  minks. 

Experiments  were  also  made,  for  the  detection  of 
volatile  fatty  acids  in  irradiated  fish,  in  relation  to 
the  growth  and  toxin  production  of  C.  botulinum  type 
E.  When  plaice  homugenates  were  irradiated  and 
stored  at  room  temperature,  a  high  proportion  of  n- 
butyrie  acid  was  found  in  the  inoculated  samples, 
while  no  detectable  amount  of  the  acid  was  found  in 
the  uninoculated  samples. 

Introduction 

It  is  a  noticeable  fact  that,  in  many  cases  of  out- 
breaks of  botulism,  the  causative  foods  were  consid- 
ered to  have  been  abnormal  in  physical  appearances. 
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In  fact,  it  has  been  reported  by  many  investigators 
(J?)  that  certain  foods  had  an  off-odor  such  as  rancid, 
butyric  acid-like,  or  chccsc-like,  as  a  result  of  growth 
of  C.  botulinum.  Besides  off-odor,  the  appearance  of 
spoilage  due  to  the  proteolytic  ablility  of  the  strains 
of  C.  botulinum  (types  A  or  B)  might  have  suggested 
that  the  foods  should  have  been  thrown  away  as 
being  unfit  for  consumption. 

In  outbreaks  of  human  botulism  in  Japan,  most 
cases  have  proved  to  be  of  type  E  and  caused  by 
homemade  izushi  of  raw  fish.  Because  of  their  non- 
proteolytic abilities,  type  E  organisms  give  less  evi- 
dence of  spoilage  to  foods.  Moreover,  like  other 
fermented  foods,  izushi  has  an  excellent  odor  of  its 
own,  being  somewhat  like  pickled  fish,  which  would 
make  it  difficult  to  distinguish  an  odor  of  decomposi- 
tion due  to  other  species  with  proteolytic  ability. 
Nevertheless,  according  to  the  evidence  available  in 
the  past  outbreaks,  most  of  the  incriminated  izushi 
had  the  specific  butyric  acid-like  odor,  while  other 
normal  izushi  had  little  or  no  off-odor.  Although  it  is 
impossible  to  rely  only  on  physical  appearances  of 
foods  as  a  criterion  of  a  safety  margin  against  botu- 
lism, the  judgment  of  this  kind  of  off-odor  would 
appear  to  be  useful  in  protecting  against  outbreaks  of 
botulism. 

The  present  study  was,  therefore,  initiated  to  deter- 
mine the  chemical  nature  of  the  volatile  acid  odors 
produced  by  C.  botulinum  during  growth.  Volatile  fatty 
acids,  being  responsible  for  the  odors,  were  analyzed 
by  gas  chromatography  in  the  cultures  of  the  different 
types  of  C.  botulinum  as  well  as  of  two  other  Clostridia. 
Also,  detection  of  volatile  fatty  acids  in  some  incrimi- 
nated foods  or  irradiated  fish  was  carried  out  to 
determine  the  relationship  between  toxic  foods  and 
the  off-odors  developed  in  them. 

Materials  and  Methods 

Organisms.— The  following  types  and  strains  of 
Clostridium  botulinum  were  used:  Type  A  190  and  AK 
38;  type  B  Lamanna  and  QC  (nonproteolytic  strain); 
type  Q3  468,  Asahigawa,  and  Yoichi;  type  D  1873; 
type  E  Iwanai,  VH,  and  Morai  (nontoxic  strain); 
type  F  Denmark  and  OSU  (nonproteolytic  strain). 


Digitized  by  Google 


nonusM 


417 


C.  sporognifs  and  C.  f>erfrmgens  were  compared  with 
C.  botulinum. 

Culture  medium  and  cultural  conditions.— The 

organisms  were  grown  in  Cooked  Meat  Broth  (Eiken), 
unless  otherwise  stated.  Cultures  for  fatty  acid  analy- 
sis were  obtained  by  two  successive  transfers  in  the 
Cooked  Meat  Broth  followed  by  a  final  transfer  into 
100  ml.  of  the  same  medium.  All  cultures  were  in- 
cubated at  30°  C.  for  10  days. 

Preparation  of  samples  for  gas  chromatogra- 
phy.—To  each  culture  (100  ml.)  or  30  g.  of  food 
sample  were  added  30  ml.  and  40  ml.  of  X/I-H2SO4, 
respectively.  The  acidified  material  was  mixed  thor- 
oughly and  then  steam  distilled.  Approximately  500 
ml.  of  distillate  was  collected.  The  distillates  were 
neutralized  with  a  dilute  solution  of  NaOH  and  then 
concentrated  to  a  small  volume.  The  concentrated 
solution  was  acidified  to  pH  1.0  by  drop-wise  addition 
of  10  percent  II2SO4,  and  the  free  acids  were  extracted 
with  several  portions  of  ethyl  ether.  The  extrac  ts 
were  combined,  then  freed  from  water  by  addition  of 
anhydrous  Na-jSoi,  and  the  solvent  was  evaporated 
at  room  temperature  in  a  stream  of  nitrogen.  The 
residue  was  used  immediately  for  gas  chromatography 
analysis. 

Gas  chromatography  analysis.— The  free  acids 
prepared  as  described  above  were  analyzed  by  use  of 
a  "Yanagimoto  GCG— 2"  gas  chromatograph.  The 
U-shaped  copper  columns  (5  mm.  ID  an  3  in.  lontj) 
were  packed  with  10  percent  polyethylene  glycol 
adipate  coated  on  Diasolid  L  (00  to  100  mesh). 
Operating  parameters  of  the  instrument  were:  Col- 
umn temperature,  130.5°  5,  C;  carrier  gas,  helium; 
gas  flow  rate,  26  ml.  per  minute;  recorder  sensitivity, 
4  mV. 


A  mixture  of  known  composition,  containing  both 
the  n-types  and  the  isotypes  of  the  authentic  fatty 
acids,  was  chromatographed  to  obtain  relative  reten- 
tion data.  Table  1  lists  the  data  obtained  from  the 
gas  chromatogram  of  a  mixture  of  the  eight  fatty 
acids  as  shown  in  figure  1 .  Peak  areas  were  determined 
by  the  method  of  "Height  x  width  at  half-height." 
The  percentage  of  each  acid  was  calculated  from  the 
ratio  of  the  area  of  its  peak  to  the  total  area  of  all 
peaks  and  the  weight  of  acid  corresponded  to  its  peak 
area. 

Results  and  Discussions 

Volatile  fatty  acids  produced  by  C.  botuli- 
num.— Representative  gas  chrmnatngrams  of  the  vol- 
atile fatty  acids  produced  by  the  strains  of  different 
types  of  C.  botulinum  and  other  two  Clostridia  are 
illustrated  in  figures  2-16.  Quantitative  composition 
of  the  percentages  of  the  fatty  acids  (table  2)  obtained 
from  the  gas  chromatographic  profiles  permitted  these 

Table  1.— Relative  retention  times  and  quantities  of  the 


Peak                             Relative  Peak  ; 

nutn-                             retention  of  I  g. 

ber        Fatty  acid          time  acid  (cm. 2 ) 

1  acetic  1.00  5.14 

2  propionic  1.39  5.44 

3  isobutyric   5.90 

4  n-biityric- .   2.07  5.22 

5  isovaleric.  2.40  5.19 

6  n-valcric  3.36  4.98 

7  isocaproic             .4.50  4.77 

8  n-caproic  5.33  4.33 


Relative 
quantity 
of  acid 


1.00 
1.05 
1.14 
1.01 
1.00 
.Wi 
.92 
.84 


■  It  J«  Ml* 

Figure  1.— Gas  chromatogram  of  a  mixture  of  the  eight  authentic  fatty  acids. 
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Table  2.-Analysis  of  composition  of  the  volatile  fatty  acids  produced  by 


Organism 


Acetic 


Ratio  of  individual  acids  (weight  percent) 


Propionic      Isobutyric      n-butyric      Isovaleric'       n-valcric  Isocaproic 


C.  bolulinum: 

A  190   15.2 

A  AK  38   6.8 

B  Lamanna    21.8 

BQC  10.1 

468    5.3 

Ctf  Yoichi  22.8 

Cp  Asahigawa  9.9 

D  1873..  8.9 

E  Iwanai  29.4 

E  VH  12.9 

E  Morai  7.9 

F  Denmark  16.9 

FOSU    7.K 

C.  sporogtnts.   20.7 

Cperjungem     68.0 


2.2  8.5  31.2 

.1  14.3  33.8 

1.7  10.0  19.2 

6.2            .   83.6 

57.1  .....   ......  37.5 

54.9  ..........  22.1 

53.5                      ...  36.5 

51.1    39.9 

.6  .......    ...  69.9 

5.9         ...   81.1 

5.2    86.8 

2.1  9.1  32.6 

6.1    86.0 

4.2  10.5  23.8 
6.1    25.8 


33.7 
36.5 
22.4 


28.2 
21 A 


0 
0 

2.6 


8.3 
7.4 

22.0 


0 


10.8 

iojT 


■And/or  a-methyl-butyric  add. 


organisms  to  be  differentiated  into  three  groups.  Each 
group  had  certain  distinguishing  components  of  fatty 
acids.  Group  I  had  both  straight-  and  branched- 
chained  acids.  Acetic,  propionic,  n-butyric,  isobutyric, 
n- valeric,  isovaleric  (and/or  active  a-mcthyl-butyric), 
and  isocaproic  acids  were  identified.  This  group  con- 
tains proteolytic  strains  of  types  A  (190,  Ak  38),  B 
(Lamanna),  and  F  (Denmark)  of  C.  botulinum,  as  well 
as  C.  sporogenes.  It  has  been  well  known  that  almost 
all  die  species  of  proteolytic  Clostridia  obtain  Uieir 
energy  by  means  of  the  Slickland  reaction  (4),  coupled 
dcaminaiion  between  two  amino  acids.  The  following 


fatty  acids  arc  recognized  as  normal  end  products  of 
this  reaction: 

Acetic  acid. 
■  Acetic  acid. 
Isobutyric  acid. 
Isovaleric  acid. 

*■  Valeric  acid,  active  a-mcthyl- 
butyric  acid. 

The  fact  that  the  organisms  comprising  group  I 
produced  all  the  volatile  fatty  acids  listed  above  except 
isocaproic  acid  gives  evidence  of  occurrence  of  the 
Stickland  reaction. 


Alanine 
Glycine 
Valine 
Leucine 
Isolcucinc 


of  the  volatile  fatty  acids  produced  by  C.  botuHnuro  type  A  190. 
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of  the 
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fatty  acids  produced  by  C.  botullnum  type  B 


As  for  the  existence  of  isocaproic  acid,  its  source  is 
as  yet  uncertain  in  the  literature.  An  attempt  was 
made  to  determine  whether  this  fatty  acid  would  be 
produced  also  in  a  synthetic  medium  consisting  of  all 
the  amino  acids  essential  for  the  growth  of  C.  botulinum. 
Fatty  acids  were  analyzed  after  the  growth  of  type  B 
(Lamanna)  in  the  synthetic  medium  {3).  As  can  be 
seen  in  figure  1 7,  acetic,  propionic,  isobutyric,  and 
isovaleric  (and/or  active  a-methyl-butyric)  acids  were 
identified,  but  no  evidence  of  isocaproic  acid  was 
obtained  at  all  in  this  experiment.  Therefore,  it  is 


conceivable  that  isocaproic  acid  may  not  be  a  char- 
acteristic product  of  Stickland  reaction,  but  is  prob- 
ably formed  from  some  materials  other  than  amino 
acids  present  in  the  Cooked  Meat  Broth. 

Group  II  had  only  such  straight-chained  fatty  acids 
as  acetic,  propionic,  or  n-butyric  acids,  and  was  dis- 
tinguished from  other  groups  by  the  presence  of  a 
higher  proportion  of  propionic  acid.  This  group  con- 
tains strains  of  types  Q3  and  I)  of  C.  botulinum.  It 
seems  probable  that  these  organisms  may  obtain  their 
energy  by  a  propionic  acid  fermentation  rather  than 
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Figure  6.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botullnum  type  C/?  468. 


by  way  of  the  Stickland  reaction.  C.  propionicum  (5) 
ferments  alanine  and  other  amino  acids  without  the 
presence  of  any  added  hydrogen  acceptor.  However, 
we  do  not  have  sufficient  data  on  the  metabolic  path- 
way of  the  organisms  comprising  group  II  to  establish 
this  as  a  fact. 

Group  III  also  had  only  straight-chained  fatty- 
acids,  but  differed  from  group  II  by  having  n-butyric 
acid  in  large  percentages.  This  group  contains  nonpro- 
tcolytic  strains  of  types  B  (QC),  K  (Iwanai,  VH,  and 
Morai),  and  F  (OSU)  of  C.  botulinum,  as  well  as  C. 


pafringens. 

In  order  to  clarify  whether  or  not  C.  botulinum  type 
E  can  utilize  certain  amino  acids  by  means  of  the 
Stickland  reaction,  experiments  on  the  oxidation  of 
alanine  or  glucose,  as  determined  by  ammonia  pro- 
duction in  the  presence  of  glycine  or  proline,  were 
carried  out.  The  results  arc  presented  in  table  3. 
The  amino  acids  used  were  not  attacked  with  washed 
cells  of  C.  botulinum  type  E,  showing  no  production  of 
ammonia.  On  the  contrary,  (.'.  s/wrogenes  which  can 
effect  a  Stickland  reaction  attacked  these  amino  acids 
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Table  3.— Ammonia  production  during  the  oxidation  of  amino  acids  by  washed  cells  of 
Clostridium  botullnum  type  E  and  C.  sporogenes 


Ammonia  produced 
N-mg.  percent 

M/IO  substrate  (milliliters)  Bacteria,  Phosphate 

  suspension  buffer  Water  C.  bolutinum 

H-donator  H-acccptor  (milliliters)        pH  7.0  ml.        (milliliters)  type  E  C.  sfiorogmts 


 Glycine  1   

1  2 

2 

0 

2.1 

Do  

 Glycine  0  .  .   

1  2 

1 

0 

.2 

1  2 

1 

0 

.4 

Do  

...    Glycine  0   

 1- Proline  1  

1  2 

" 

0 

.1 

1  2 

0 

.7 

1 -Alanine  0  

 do  

1  2 

1 

1) 

.1 

Glucose  1  

1  ■> 

0 

0 

1.0 

Do  

1  2 

1 

0 

.1 
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chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botulinum  type  D  1873. 


n  m  jo 

Figure  10.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botulinum  type  E  Iwanai. 


with  the  production  of  a  considerable  amount  of 
ammonia. 

In  addition,  type  E  organisms  require  fermentable 
carbohydrates  in  their  growth.  It  seems,  therefore, 
probable  that  C.  botulinum  type  E  obtains  its  energy  by 
butyric  acid  fermentation  similar  to  that  displayed 
by  certain  butyric  acid  bacteria. 

Detection  of  volatile  fatty  acids  in  some  incrimi- 
nated foods. —  We  had  the  opportunity  to  obtain  two 
different  kinds  of  incriminated  foods  involved  in  the 
outbreaks  of  two  different  types  of  botulism.  Volatile 


fatty  acids  were  analyzed  to  determine  the  possible 
growth  of  the  causative  organisms.  One  was  a  home- 
made izushi  of  raw  fish  which  had  caused  an  episode 
of  human  type-E  botulism  in  1965.  The  other  was 
whale  meat  which  had  caused  an  outbreak  of  type 
Q8  botulism  in  minks  in  1961.  These  food  samples 
had  been  stored  in  the  deep  freezer  at  —20°  C. 
before  analyzing  fatty  acids,  and  an  offensive  odor  of 
butyric  acid  was  recognized  when  they  were  thawed. 

The  components  of  the  volatile  fatty  acids  detected 
in  both  samples  of  the  incriminated  and  normal  foods 
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arc  presented  in  table  4.  A  considerable  difference 
was  observed  between  the  two  samples  in  both  the 
nature  and  amounts  of  the  fatty  acids  present.  An 
abnormally  high  proportion  of  n-butyric  acid  was 
found  in  the  incriminated  izushi,  whereas  it  was  ab- 
sent in  the  normal  izushi.  Also,  a  relatively  high 
proportion  of  propionic  acid  was  found  in  the  incrim- 
inated whale  meat,  as  compared  with  that  in  the 
normal  one. 

Accordingly,  the  gas  chromatographic  profiles  of 
the  volatile  fatty  acids  characterizing  each  type  of  C. 
i/otulinum  seem  to  be  reflected  in  those  foods  contami- 


Table  4.— Analysis  of  composition  of  the  volatile  fatty 
acids  in  samples  of  the  foods  contaminated  with  or 


Name  of  sample 

Type  of 
toxin 

io  of  individual  acids 
(weight  percent) 

Acetic 

Piopionic  n-Butyric 

Izushi  (hata-hata) 

.-E  

60.6 

3.6  35.7 

Do  

None  

100.0 

Izushi  (salmon). . 

....do.... 

100.0 

Whale  meat  

..Cfi  

44.8 

41.2  13.9 

Do  

..None.— 

80.0 

10.4  9.6 

ID  N  JB 

Figure  11.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botulinum  type  E  VH. 
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Figure  13.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botullnum  type  F  Denmark. 


HI  10  M 

Figure  14.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botullnum  type  F  OSU. 


nated  with  respective  types  of  toxins.  Because  of  the 
ease  and  speed  of  operation,  the  gas  chromatographic 
analysis  would  appear  to  be  most  useful  in  rapid 
laboratory  diagnosis  of  botulism  with  suspected  food 
samples. 

Detection  of  volatile  fatty  acids  in  irradiated 
fish.— In  the  course  of  irradiation  studies  (/),  it  was 
found  that  toxin  production  began  to  occur  before 
the  appearance  of  signs  of  spoilage  when  fish  homog- 
enates  were  inoculated  with  spores  of  C.  bolulinum 
type  E,  irradiated  and  stored  at  room  temperature. 


It  was  of  interest  to  know  the  relationship  between 
the  toxin  development  and  the  development  of  acidic 
off  odor  in  irradiated  fish  samples  during  storage. 

Analyses  for  the  detection  of  volatile  fatty  acids 
were  made  on  irradiated,  experimentally  contami- 
nated, plaice  homogenates.  The  homogenates  were 
inoculated  with  10'  spores  of  C.  botulinum  type  E  per 
gram  and  irradiated  at  doses  of  0,  0.1,  and  0.3 
Mrad,  respectively.  Gas  chromatographic  analysis 
was  carried  out  after  the  incubation  at  20°  C.  for  3 
days,  at  which  time  all  of  the  samples  had  become 
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toxic.  As  controls,  uninoculated  homogenates,  irradia- 
ted at  the  same  levels  and  held  at  20°  C.  for  3  days, 
were  examined. 

The  components  of  the  volatile  fatty  acids  detected 
in  both  samples  of  the  irradiated  fish  homogenates 
are  shown  in  table  5.  It  is  clear  that  n-bu  tyric  acid 
was  present  in  all  samples  of  the  inoculated  homog- 
enates regardless  of  irradiation  doses,  while  a  rela- 
tively small  or  undetectable  amount  of  the  acid  was 
found  in  the  uninoculated  samples.  Since  irradiation 
of  fish  results  in  the  marked  reduction  of  the  normal 
spoilage  microflora,  there  is  a  definite  possibility  that 
the  type  E  spores  surviving  irradiation  germinate  and 


Table  5.— Analysis  of  composition  of  the  volatile  fatty 
acids  in  both  inoculated  and  noninoculated  samples 
of  the  irradiated  plaice  homogenates 


Ratio  of  individual  acids 
(weight  percent  I 
Irradi-   

ation  Iso-  Iso- 

dosc  Act.-  Pro-  bu-  n-bu-  val- 
(Mrad)     tic    pionic  tyric    tyric  eric 

n         l'>.4      0.2  .  75.3   

.1       15.6      6.3  .  77.7   

.:?       18.fi      1.8    79.2   

0  :>«.()     14.3      5.8       7.4  14.3 

I   

.3    


Sample 

Inoculated 

Do  

Do  

.Noninoculated . . 

Do  

Do  


10  It  M  MID 

Figure  16.— Gas  chromatogram  of  the  volatile  fatty  adds  produced  by  C.  pertringens. 
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Figure  17.— Gas  chromatogram  of  the  volatile  fatty  acids  produced  by  C.  botulinum  type  B  La  manna  in  the  cultures 

of  the  synthetic  medium. 


produce  toxin  before  obvious  signs  of  spoilage  occur 
during  storage.  Therefore,  detection  of  volatile  fatty 
acids  by  gas  chromatography  would  also  be  valuable 
for  predicting  the  possible  occurrence  of  the  growth 
and  toxin  production  of  C.  botulinum  type  E  in  irradi- 
ated fish  samples. 
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Summary 

Studies  on  the  lysogenicity  in  C.  botulinum  were 
carried  out.  Some  strains  of  C.  botulinum  (types  A-F) 
were  found  to  be  lysogenic  and  were  able  to  produce 
temperate  phages  when  treated  with  ultraviolet  light 
or  mitomycin  C.  These  phages  consisted  of  complete 
or  incomplete  particles  and  were  classified  into  three 
groups.  The  lysates  containing  these  particles  aggluti- 
nated and  lysed  some  strains  of  C.  botulinum,  C.  sporo- 
gtnts,  and  other  clostridial  species  although  the  lytic 
agents  seemed  to  be  unable  to  multiply  in  the  sensitive 
bacteria.  The  lytic  activity  in  the  lysates  was  com- 
pletely lost  by  heating  at  60°  C.  for  10  minutes.  The 
active  agents  were  not  dialyzable  and  were  not  de- 
stroyed by  trypsin. 


Species 


of  strains  strains 


C.  botulinum 


riw  

\  1 

AK-38.  

Lamanna  

a  -.\ 

,QC  

Type  C. 


/Stockholm . 
\468.. 

Type  D - -    .  ...  1873. 

j'Kamiyama  \ 

\  Others. 


Type  E. 
TypeF. 


C. 


Clostridial  species  


fosu  

)  Others  

I NAC  1  

\NAC  2  

No.  1,  No.  204 


2 

1 

2 

1 

1 

1 

1 

58 

G 

:i 

1 

2 

204 

Introduction 

Although  studies  on  lysogenicity  have  been  carried 
out  with  a  great  number  of  bacteria  (3,  8,  Iff),  few 
reports  have  been  published  on  C.  botulinum  (5,  11). 
The  present  paper  deals  with  lysogenicity  observed  in 
several  strains  of  C.  botulinum  and  some  characteristics 
of  the  temperate  phages  produced  by  them. 

Materials  and  Methods 

Bacterial  strains.— Bacterial  strains  used  in  the 
experiments  are  listed  in  tabic  1.  These  strains  were 
passaged  in  cooked  meat  medium,  checked  for  purity, 
and  kept  in  the  refrigerator  until  used. 

Culture  medium.— Trypticase-yeast  extract-glu- 
cose (TYG)  medium  consisting  of  the  following  in- 
gredients was  employed.  Trypticase  (BBL),  3  percent; 
yeast  extract  (Difco),  2  percent;  glucose,  1  percent; 
sodium  thioglycollate  0.1  percent  The  pH  of  the 
medium  was  adjusted  to  7.2  with  10  percent  sodium 
carbonate  solution. 

Induction. — Each  bacterial  strain  was  inoculated 
into  TYG  medium,  kept  at  30°  or  37°  C.  overnight 
and  2.5  ml.  of  each  culture  was  transferred  to  two 
tubes  containing  50  ml.  of  TYG  medium.  After  incu- 
bation far  4  to  6  hours,  one  tube  of  each  culture  was 
irradiated  in  a  petri  dish  by  ultraviolet  light  (National 
Co.,  model  GX-590G,  15  w.)  at  a  distance  of  50 


for  45  seconds.  Mitomycin  C  (1m  g./ml.;  Kyowa 
Hakko  Kogyo  Co.)  was  added  to  the  other  tube  of 
each  culture,  incubated  for  10  minutes  and  centri- 
fuged.  The  supernatant  was  discarded  and  the  sedi- 
mented  cells  were  resuspended  with  fresh  TYG  me- 
dium. All  tubes  were  incubated  for  an  additional  4  to  6 
hours,  until  lysis  was  complete. 

Preparation  of  lysate. — Each  culture  fluid  ob- 
tained as  above  was  centrifuged  to  remove  bacterial 
cells  and  debris,  sterilized  by  filtration  through  Milli- 
porc  filter  and  kept  in  the  refrigerator  until  used. 

Estimation  of  lytic  activity. — The  activity  of  bac- 
teriophages or  bacteriocins  are  usually  demonstrated 
by  plaque-  or  lacuna-formation  employing  the  double- 
layer  method  (/).  These  techniques,  however,  were 
found  to  be  unsuccessful  in  the  present  experiment 
and  the  following  method  was  employed  to  estimate 
the  lytic  activity  of  the  lysates.  To  1  ml.  of  logarith- 
mic-phase culture  fluid  of  each  sensitive  strain  was 
added  1  ml.  of  each  lysate.  Two  ml.  of  fresh  TYG 
medium  was  added  to  each  mixture  and  all  tubes 
were  incubated  at  30°  or  37°  C.  The  turbidity  of 
each  culture  fluid  was  estimated  by  the  photoelectric 
colorimeter  using  a  610  raft  filter. 

Electron  microscopy.— The  lysate  obtained  was 
clarified  by  centrifugation  at  4,000  x  g.  for  20  minutes. 
The  pellet  was  discarded  and  the  supernatant  fluid 
was  centrifuged  at  60,000  x  g.  for  60  minutes  in  a 
No.  RP  40  rotor  of  a  Hitachi  model  40P  ultracentri- 
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fuge.  The  pellet  from  50  ml.  of  each  clarified  lysate 
was  res  us  pe  tided  in  0.5  ml.  of  0.1  M  ammonium 
acetate  solution,  pH  6.8.  The  resulting  suspension 
was  examined  in  an  electron  microscope  (model  JEM 
7A:  Japan  Electron  Optical  Laboratory  Co.)  by  use 
of  the  negative  staining  technique  with  2  percent 
phosphotungstic  acid. 

Results 

Induction  of  lysis.— Growing  bacterial  cells  of  a 


total  of  67  strains  of  C.  botulinum  (types  A-F)  were 
treated  by  ultraviolet  light  or  mitomycin  C.  As  shown 
in  table  1  and  fig.  1,  11  strains  showed  a  marked  lysis 
by  one  or  both  of  the  two  treatments.  Lysis  was 
observed  in  all  types  of  C.  botulinum. 

Search  for  sensitive  bacterial  strains. — The  lytic 
phenomenon  observed  above  is  similar  to  lysogeny  or 
bacteriocinogeny  reported  in  various  species  of 
bacteria.  In  order  to  demonstrate  lysogeny  or  bacterio- 
cinogeny in  C.  botulinum,  experiments  were  carried 
out  whereby  each  lysate  was  tested  with  67  strains  of 
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Figure  1.— Changes  in  the  turbidity  of  C.  botulinum  cultures  after  ultraviolet  (UV)  and  mitomycin  C  (MC)  treatment. 
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C.  botulinurn,  two  strains  of  C.  sporogems  and  204  strains 
of  clostridial  species  isolated  from  soil  samples. 

The  results  are  summarized  in  table  2.  As  indicated 
in  the  table,  lysis  of  various  Clostridia  was  observed  to 
occur  with  lysates  of  C.  botulinurn  types  B,  C,  E,  and  F 
and  growing  cells  of  C.  botulinurn  types  B  and  E,  C. 
s/wogenes,  and  a  few  strains  of  other  clostridial  species. 
However,  with  lysates  of  C.  botulinurn  types  A  and  D, 
none  of  the  bacterial  strains  used  showed  sensitivity. 


Table  2.-ActlvKy  spectrum  of  lytic  substances  produced 
by  C.  botulinurn 

Host  strain, 

C.  botulinurn  Sensitive  strain 

Type  A  190   None. 

Type  B  QC  C.  botulinurn  type  E  F '30-1 1.  Iwanai. 

Pitt,  F30-5,  AK-10,  and  AK-12. 

Type  C  Stockholm  C.  botulinurn  tvpe  E  AK-1 1.  type  B  QC. 

C.  sporogmes  S'AC  2,  Clostridial  sp. 

No.  165,  No.  166. 
Type  D  1873  None. 

Type  E  Kainiyama_._C.  botulinurn  type  E  Iwanai,  Saroma, 
F305,  Otaru,  YI-5,  AK-10, 
AK-12,  085,  801,  and  1304. 
C.  botulinurn  type  B  QC,  Clostridial  sp. 
No.  137,  No.  202,  No.  204. 

Type  F  OSU  C.  botulinurn  type  E  Iwanai,  Pitt, 

F30  II,  760,  667,  AK-10,  and 
AK-12. 

C.  botulinurn  tvpe  QC.  Clostridial  sp. 
No.  137,  No.  202,  No.  204. 


Figure  2  — Action  of  a  lytic  substance  on  growing  cells  of  a 
sensitive  strain.  Lytic  substance:  C.  botulinurn  type  E  Kami- 
yama.  Sensitive  cell:  C.  botulinurn  type  E  AK-10. 


Table  3.— Properties  of  bacteriolytic  or  bactericidal 
agents  produced  by  C.  botulinurn 


Action  of  lysate  on  sensitive  bacteria.— The  in- 
duced lysates  of  C.  botulinurn  showed  a  lytic  effect  on 
several  strains  of  C.  botulinurn,  C.  sporogents,  and  Clos- 
tridium species.  An  example  of  the  kinetics  of  the  lytic 
reaction  is  shown  in  figure  2.  The  sensitive  cells  were 
agglutinated  in  60  minutes  after  being  mixed  with 
the  lysate  and  then  lysed  gradually.  By  continuing 
the  incubation  of  the  mixture,  a  luxuriant  growth 
was  observed  in  most  cases  due  to  the  appearance  of 
resistant  mutants.  These  resistant  cells  were  insensitive 
to  the  action  of  the  lysate.  The  lytic  activity  of  the 
supernatant  of  the  mixture  did  not  increase  after  lysis 
was  completed,  which  suggested  that  no  multiplication 
of  the  lytic  agent  occurred  (5). 

Characteristics  of  lytic  substances  in  lysate. — 
Beercns  (2)  reported  that  bactcriocin-likc  substances 
are  produced  by  C.  botulinurn  types  A,  B,  and  C  and 
Kautter  (7)  reported  that  a  similar  substance  (boticin) 
is  produced  by  organisms  resembling  C.  botulinurn  type 
E.  As  shown  in  table  3,  the  lytic  agents  obtained  by 
the  present  experiment  seem  to  be  different  from 
these  bacterioc'ms  in  terms  of  dialysis  and  heat  resist- 
ance. 

Electron-microscopic  studies  on  phage  parti- 
cles.—The  lysates  were  centrifuged  at  60,000x  g.  for 


Agents 


Heat  stability  Dialyzability 


Lysate  of  C.  botulinurn 
type  E  strain 
Kamiyaina. 

Bacteriocins1  of 
C.  Botulinum  types 
A,  B,  and  C. 


Heat  labile.  Inacti-  Nondializable. 
vate  to  heating 
for  10  min.  at 
60°  C. 
Heat  stable.  Resist- 
ant to  heating 
for  30  min. 
at  70"  C. 

Botocin  EJ   .  Heat  stable.  Resist-  Dializablc. 

ant  to  heating 
for  60  min.  at 
100°  C 

■By  Bwr***.  H.,  and  Tahoii.  M. 
«By  Kjiuttrr,  D.  A.,«>t  »l. 

60  minutes  and  the  pellets  obtained  were  examined  in 
an  electron  microscope.  Phage  particles  were  ob- 
served as  shown  in  fig.  3.  As  summarized  in  table  4, 
these  phages  are  classified  into  three  groups.  The  first 
group  consists  of  type  A  phage,  which  exhibited 
mainly  empty  hexagonal  heads,  80  mu  in  diameter. 
The  sheath  of  the  tail  appeared  to  be  contracted  to  a 
length  of  50  m^,  and  tail  tubes  were  clearly  visible  in 
almost  all  of  the  phage.  The  second  group  consists  of 
types  C  and  D  phages.  These  phages  exhibited  hexag- 
onal heads,  120  mu  in  diameter,  and  long,  flexible 
tails  which  consisted  of  a  tail  tube,  350  to  450  m^t  long 
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Table  4.-Morphology  of  phage  particles  produced 
by  C.  botulinum 


Hrari 

diam- 

Tail 

Host  su-ain, 

eter 

length 

Basic 

C.  botulinum 

Group 

morphology 

■-r-          •  irv\ 

i 

oU 

-Lmpty  hexag- 

onal head, 

tail  with  mn> 
tail  wjii 

tractcd  sheath. 

T  C 

IT 

... 
.Hexagonal  head, 

4  V) 

lr*  ntr  fir-*  vi  HI  r* 

tail         t ki  /•nn. 

tail  wiin  con- 

tr;irfr-H  ttr 

noncontracted 

sheath. 

Type  D  1873... 

ft 

0<J*J  — 

HffvQiTAnftl  nf*-nfi 

long  tail  with 

contracted 

sheath. 

Type  B  QC. 

III 

120,.. 

.Tail  with  sheath. 

150 

Type  E 

Kamiyama  

...III 

120, 

Tail  with  sheath. 

Type  F  OSU 

.III 

85 

150 
120.. 

.Hexagonal  head, 

tail  with 

noncontracted 

and  15  mu  in  diameter,  surrounded  by  a  sheath,  30 
to  35  mju  in  diameter.  The  third  group  consists  of 
types  B,  E,  and  F  phages.  In  most  of  the  specimens  of 
this  group,  only  tail-like  rods,  120  to  150  m/i  long  and 
15  to  20  mu  wide,  were  found,  suggesting  the  ab- 
normal and  excessive  production  of  tail  component 
due  to  some  genetic  defects.  Complete  phages  were 
observed  with  type  F  on  rare  occasions. 

Discussion 

In  some  strains  of  C.  botulinum  (types  A-F),  a 
marked  lysis  was  observed  after  treating  their  growing 
cells  by  ultraviolet  light  or  mitomycin  C.  Electron 
microscope  studies  on  these  lysates  revealed  phage 
particles,  complete  or  incomplete  (5).  The  lysates 
containing  these  particles  agglutinated  and  lysed  some 
strains  of  C.  botulinum,  C.  sporogenes,  and  clostridial  spe- 
cies isolated  from  soil  samples.  These  particles,  how- 
ever, seemed  to  be  unable  to  multiply  in  the  sensitive 
bacteria. 

Lysogenic  strains  with  genetic  defects  are  known  in 
various  kinds  of  bacteria  and  the  temperate  phages 
obtained  from  these  strains  sometimes  show  an  in- 
complete morphology  (9).  It  has  also  been  reported 


that  colicin-15  (4)  is  morphologically  identical  to  a 
bacteriophage  and  pyocin  (6*)  has  the  structure  re- 
sembling a  phage  tail. 

Bacteriophages  found  by  us  in  C.  botulinum  arc  classi- 
fied into  three  groups  by  their  morphological 
characters  and  also  by  the  biological  properties  of 
their  host  organisms.  Some  of  them  seem  to  be  com- 
plete phage  particles  and  some  to  be  incomplete. 

These  findings  are  of  interest  in  relation  to  the 
recent  concerns  on  defective  phages  and  bacteriocins. 
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Summary 

Electrophoresis  of  samples  containing  types  A  or  B 
botulinal  toxins  on  acrylamide  gell  separated  the  toxin 
molecules  from  hemagglutinins  which  arc  responsi- 
ble for  cross  reactions  obtained  with  commercially 
available  antitoxins. 

Immunoprccipitin  reactions  could  be  used  on  an 
experimental  basis  to  identify  C.  botulinum  types  A,  B, 
E,  and  F  in  complex  media.  A  test  of  the  procedure 
to  identify  types  A  and  B  toxins  in  a  series  of  "un- 
knowns" composed  of  various  strains  of  types  A,  B, 
E,  and  F  resulted  in  100  percent  accuracy.  Time 
lapse  from  innoculation  of  "unknown"  cultures  into 
complex  medium  to  positive  identification  was  40 
hours.  Types  A  and  B  were  correctly  separated  from 
other  types  present  after  30  hours'  incubation  by  an 
immunoprecipitin  screening  test.  Experiments  to  de- 
termine quantitative  recovery  data  for  C.  botulinum 
types  A  and  B  toxins  and  the  sensitivity  of  the  system 
are  needed. 

Examination  of  culture  substrates  for  proteases, 
lecithinases,  and  lipases  reveal  multiple  forms  of  extra- 
cellular enzymes  which  may  be  of  value  for  the  identi- 
fication of  clostridial  types.  Other  extracellular 
enzymes  are  also  being  investigated. 

Introduction 

Antitoxin  prepared  against  botulinum  types  A,  B, 
C,  D,  E,  and  F  arc  effective  in  protecting  animals 
against  the  lethal  nature  of  the  toxin,  and  under 
suitable  in  vitro  conditions  immunoprecipitates  are 
formed.  However,  the  fact  that  commercially  availa- 
ble antitoxin  prepared  against  types  A  and  B  toxins 
contain  common  antigens  which  cross-react  presents 
a  major  obstacle  which  must  be  solved  before  an 
immunoprccipitin  test  can  be  used  with  confidence. 

The  protein,  a  hemagglutinin  synthesized  in  close 
association  with  the  toxin,  is  difficult  to  remove  by 
presently  used  purification  procedures.  The  hemag- 
glutinins produced  by  types  A  and  B  are  reciprocally 
precipitated  by  the  available  A  and  B  antitoxins.  The 
lack  of  identity  of  hcmagglutinating  activity  with 
toxicity  of  the  type  A  botulinal  organism  was  first 
established  by  Lamanna  and  Lowenthal  in  1951  (4, 
6).  Initially,  Lamanna  reported  that  toxin  of  type  A 


and  its  specific  antitoxin  form  two  precipitation  bands 
in  an  Oudin  serum-agar  system,  whereas  the  type  A 
toxin  formed  only  one  band  with  type  B  antitoxin. 
After  repeated  exposure  to  red  blood  cells  the  toxins 
were  freed  from  hemagglutinating  activity,  and  yield 
only  a  single  band  of  precipitate  with  type  A  anatoxin 
and  no  precipitate  with  type  B  antitoxin. 

Obviously,  to  arrive  at  any  degree  of  confidence  in 
an  immunoprecipitin  test,  the  cross-reacting  hemag- 
glutinins must  be  separated  from  the  toxins.  A  proce- 
dure for  separating  the  toxins  of  types  A  and  B  from 
their  cross-reacting  hemagglutinins  followed  by  identi- 
fication of  the  specific  toxins  is  described.  Also,  de- 
scribed is  a  simple  and  rapid  method  for  the 
determination  of  extracellular  enzymes  by  electro- 
phoretic  purification  and  concentration. 

Materials  and  Methods 

Cultures. — C.  botulinum  type  A  surains  33A  and  5A 
and  type  B  strain  115B  were  obtained  from  the 
Quartermaster  Food  and  Dcvclopcmcnt  Command  for 
the  Armed  Forces,  Natick,  Mass.  C.  botulinum  type 
A  strains  64-89,  73A  and  78A  and  type  B  strains 
32B,  1 13B,  and  213B  were  obtained  from  the  National 
Canners  Association,  Washington,  D.C. 

Robertson  cooked  meat  broth  was  used  to  keep 
stock  cultures.  For  toxin  production  a  liquid  medium, 
consisting  of  2  percent  yeast  extract  (Difco),  2  percent 
peptone  (Difco),  I  percent  glucose,  and  distilled  water 
to  1,000  ml.,  pH  7.0,  was  used.  Each  500  ml.  batch 
of  medium  in  750  ml.  Erlcnmcycr  flasks  was  heated 
to  100°C.,  shock-cooled  in  ice  water,  and  charged 
with  a  10  percent  inoculum  from  an  18  hours  culture 
and  incubated  anacrobically  at  30°  C.  for  72  hours. 
Cultures  were  checked  for  contaminants  by  gram 
staining  and  by  plating  on  blood  agar. 

Following  incubation,  the  cells  were  removed  from 
the  medium  by  centrifugation  at  10,000  x  g.  for  20 
minutes  at  4°  C.  and  remaining  cells  removed  by 
filtration  through  an  HA  Millipore  filter.  The  filtrates 
were  concentrated  from  500  to  12  to  15  ml.  by  dia- 
lyzing  in  cellulose  tubing  against  polyethylene  glycol- 
4,000  at  5°  C. 

Concentration  and  purification. — In  order  to 
purify  and  further  concentrate  the  toxins  and  enzymes, 
several  synthetic  polyacrylamide  gel  methods  have 
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been  developed  in  our  laboratory.  The  first  method 
consists  of  a  column  of  4  layers  supported  in  a  1 75  mm. 
x  15  mm.  section  of  pyrex  glass  tubing  (fig.  1):  (a) 
A  3%  percent  large  pore  gel,  pH  6.7,  containing  the 
sample  concentrated  as  described  above,  in  which 
electrophoretic  partial  purification  of  the  sample  is 
initiated;  (b)  a  3%  percent  large  pore  spacer  gel, 
pH  6.7,  in  which  electrophoretic  partial  purification 
of  the  sample  takes  place;  (c)  a  liquid  buffer,  pH  8.9, 
prepared  by  the  same  method  as  the  standard  separat- 
ing gel  described  by  B.  J.  Davis  {3)  from  which  the 
acrylamide  and  ammonium  persulfate  are  omitted 
and  to  which  sucrose  is  added  to  a  concentration  of 
20  percent.  This  buffered  sucrose  solution  received 
the  sample  ions  which  exist  in  the  334  percent  gels; 
(d)  a  30  percent  small  pore  gel,  pH  8.9,  which  receive 
molecular  weights  less  than  10,000. 

UPPER  RESERVOIR 


(a) 

0>) 


(c) 


3  3/4Z  SAMPLE  GEL  (2  ml.) 
3  3/4Z  SPACER  GEL  (2  ml.) 


BUFFERED  SUCROSE  S0LUTI0H  (5  ml.) 


30Z  SMALL  PORE  GEL  (5  ■!.) 


LOWER  RESERVOIR 
(+) 


of  get 
Of 


One  to  four  columns  are  mounted  in  a  unit  (not 
described)  constructed  in  our  laboratory  with  each 
column  enclosed  by  a  cooling  jacket  through  which 
ice  water  is  circulated.  Electrophoresis  is  performed 
in  a  vertical  position,  the  gel  containers  are  attached 
to  an  upper  buffer  reservoir  and  the  lower  ends  are 
submerged  in  the  buffer  solution  of  a  lower  reservoir. 
Both  reservoirs  hold  500  ml.  Tris-glycine  buffer, 
pH  8.9,  with  a  trace  of  bromphenol  blue  in  the  upper 
reservoir  as  a  tracking  dye.  Current  is  applied  at  20 
m.a./column  and  polarity  is  set  so  that  the  sample 
molecules  migrate  toward  the  30  percent  gel.  Electro- 
phoresis is  completed  when  the  tracking  dye  enters 


the  30  percent  small  pore  gel  (90  to  120  minutes). 
The  buffered  sucrose  solution  containing  the  desired 
sample  fraction  can  then  be  drawn  into  a  10  ml. 
syringe  via  a  needle  inserted  through  the  30  percent 
gel  layers. 

In  the  second  method,  the  concentrated  dialysate 
was  electrophoresed  directly. .  The  dialysate  was  di- 
luted onefold  with  upper  buffer  diluted  1 :5  containing 
40  percent  sucrose.  One  to  two  ml.  of  either  concen- 
trate was  then  subjected  to  electrophoresis  on  poly- 
acrylamide  gel  prepared  by  the  method  of  Ornstcin 
(7)  and  Davis  (3).  Following  electrophoresis  the  pro- 
tein laden  gels  were  sliced  into  sections  (flat  gel  in- 
strument developed  in  our  laboratory)  and  treated  as 
follows:  (a)  Stained  with  Coomassic  blue  as  described 
by  Chramback,  Reisfeld,  Wyckoff,  and  Zaccari  (])■ 
(b)  analyzed  for  extracellular  enzymes,  and  (c)  ana- 
lyzed for  immunoprecipitates.  The  samples  could  also 
be  immediately  frozen  and  stored  at  —20°  C.  for 
future  analysis  of  toxic  products. 

Identification  of  bands.— Corresponding  bands  in 
the  stained  gels  were  identified  by  comparing  them 
with  the  enzyme  reacting  band  or  the  immunopre- 
cipitin  bands.  The  toxic  bands  were  identified  by 
elution  of  the  portion  of  the  frozen  and  thawed  acryl- 
amide gel  corresponding  to  a  reacting  band,  followed 
by  intraperitoneal  injection  into  20  to  25  g.  male, 
white  mice.  The  eluates  were  prepared  by  cutting 
out  desired  sections  of  the  gel  and  macerating  them 
in  a  conical  centrifuge  tube  with  10  times  their  volume 
of  0.05  molar  phosphate-buffered  saline  (0.85  percent) 
at  pH  6.8.  Elution  was  completed  by  storage  overnight 
at  5°  C. 

Hemagglutinating  activity  was  determined  macro- 
scopically  with  sheep  red  blood  cells  as  described  by 
Lamanna  (5). 

Agar  gel-diffusions  were  performed  on  clear  micro- 
scope slides  coated  with  0.2  percent  Oxoid  "Ionagar" 
No.  2  in  distilled  water  as  described  by  Crowle  (2). 
Ionagar  No.  2  was  dissolved  to  1 .0  percent  in  0.05  M 
phosphate  buffer  at  pH  7.1  containing  merthiolate 
(1:10,000).  Four  milliliter  of  1  percent  agar  was  ap- 
plied to  each  coated  slide  and  allowed  to  gel.  All 
precipitin  tests  were  performed  on  these  slides  with 
various  templates  being  utilized.  Immunoprecipitates 
were  allowed  to  develop  at  20°  C.  in  a  moist  chamber 
for  periods  of  8  hours  to  48  hours.  When  precipitin 
formation  appeared  maximum,  the  slides  were  irri- 
gated with  physiological  saline  to  remove  nonprecip- 
itated  protein  from  the  agar  (usually  24  hours), 
followed  by  treating  with  2.5  percent  trichloroacetic 
acid  (TCA)  for  approximately  5  minutes  and  then 
staining  with  0.5  percent  light  green  SF  in  5  percent 
TCA  for  1  hour.  Stained  slides  were  stored  in  5 
percent  TCA  and  photographed  when  convenient. 

All  the  extracellular  enzymes  were  detected  by  lay- 
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ering  a  1-inch  slice  of  clectrophoresed  gel  on  a  micro- 
scope slide  and  then  flooding  with  1.5  ml.  of  the 
proper  substrate  imbedded  in  agar  gel.  The  slides 
were  then  incubated  in  moist  chamber  for  10  to  15 
minutes  at  37°  C.  and  then  observed  cither  directly 
or  following  proper  treatment. 

Proteases. — 5  ml.  of  10  percent  sterilized  reconsti- 
tuted skim  milk  was  added  to  8  ml.  of  a  1.5  percent 
ion  agar  No.  2  prepared  in  physiological  saline.  The 
preparation  was  added  to  the  slide  at  a  temperature 
of  45°  ±  3°  C. 

Gelatinasc. — 0.8  g.  gelatin  and  0.8  g.  agar  was 
dissolved  in  100  ml.  of  physiological  saline.  The  mix- 
ture was  heated  to  dissolve  the  agar  and  applied  to  the 
slide  when  cooled  (45°  ±  3°  C).  Following  incubation, 
the  slide  was  developed  by  immersion  in  a  solution  of 
mercury  chloride  prepared  as  follows:  1.5  g.  of  HgCl, 
2  ml.  of  concentrated  HC1  and  10  ml.  of  water.  The 
bands  appear  as  clear  areas  on  a  milky  background. 

Lipase. — 0.8  g.  agar  dissolved  in  30  ml.  of  physi- 
ological saline;  to  the  above  solution  add  1.3  ml.  of 
thymol-sulfonphtalein  (3mg./ml.)  and  2  ml.  of  trib- 
utyrin.  Following  incubation,  bands  appear  as  yellow 
areas  against  a  light  blue  background. 

Lecithinasc. — Dilute  egg  yolk  (1:1)  with  physiolog- 
ical saline  solution.  Add  5  percent  of  the  above 
solution  to  a  1.5  percent  agar  solution  (45°  ±  5°  C). 
Following  incubation,  the  bands  appear  as  opaque 
yellow  areas  against  a  translucent  yellow  background. 

Results  and  Discussion 

Strain  33A  and  strain  1 1 5B  were  used  as  repre- 
sentative type  strains  for  the  production  of  types  A 
and  B  toxins  respectively.  After  24  hours  incubation, 
culture  media  supporting  growth  of  types  A  and  B 
gave  positive  precipitin  reactions  with  B  antitoxin. 
Type  A  toxins  gave  single  precipitin  bands,  whereas 
type  B  toxins  shows  two  or  more  bands  of  precipita- 
tion (fig.  2). 

The  similar  rate  at  which  the  various  proteins 
migrate  makes  it  difficult  to  separate  multiple  precip- 
itin lines,  some  of  which  may  be  either  superimposed 
or  too  close  to  each  other  to  separate  distinctly.  The 
logical  approach  to  a  solution  of  this  problem  was 
either  to  remove  interfering  proteins  leaving  only  that 
one  which  is  characteristic  of  the  strain's  "toxin,  or  to 
separate  the  proteins  in  such  a  manner  that  the  vari- 
ous precipitin  lines  were  more  easily  observed.  The 
latter  approach  was  investigated. 

If  the  media  supporting  growth  of  types  A  and  B 
was  clectrophoresed  using  the  techniques  described 
above,  type  B  showed  18  to  21  protein  bands  while 
that  of  type  A  gave  a  similar  number,  not  all  of 
which  corresponded  to  the  bands  produced  by  type  B 
(fig.  3).  These  bands  consist  of  protein  of  the  medium 


Figure  2.— The  immunoprecipitin  reaction  of  antisera  pre- 
pared for  Clostridium  botulinum  type  B  cross-reacting  with 
type  A. 


33A 
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Figure  3.— Electrophoresis  of  toxic  medium  resulting  from 
growth  of  types  A  and  B  showing  differences  in  bands. 
(Comparable  concentration.) 


which  may  vary  depending  upon  its  composition; 
they  also  consist  of  proteins  specific  for  or  common  to 
each  type.  By  separating  the  proteins  clcctrophoreti- 
cally  one  can  identify  them  as  extracellular  enzymes 
common  to  both  types,  type  specific  toxins,  or  un- 
identifiable migrating  components  of  the  cells. 

When  an  excised  strip  of  clectrophoresed  protein  of 
type  B  was  subjected  to  a  double  diffusion  precipitin 
reaction  with  type  B  antitoxin,  two  or  more  bands 
resulted  (fig.  4).  Type  A  toxin  containing  medium 
gave  one  band  corresponding  to  the  lower  band  of 
type  B  (fig.  5). 

Subsequent  elution  of  bands  from  corresponding 
frozen  gel  halves  demonstrated  that  the  upper  band 
of  the  type  B  gel  was  highly  toxic  to  mice  and  that 
the  lower  band  occurring  in  both  type  A  and  B  was 
nontoxic.  Hcmagglutinating  activity  was  present  in 
the  lower  band  of  type  A  and  B  but  not  in  the  upper 
band  of  the  type  B  column  (hemagglutinin  tests 
were  qualitative).  The  additional  precipitin  bands 
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shown  in  figure  4  did  not  always  occur.  There  may 
be  multiples  of  a  basic  molecule,  of  which  the  smallest 
fraction  represents  the  basic  molecule.  These  bands 
have  not  been  assayed  for  toxicity.  The  apparent 
distribution  of  toxins  and  hemagglutinins  is  shown  in 
figure  6. 

A  series  of  25  tubes,  each  containing  15  ml.  of 
yeast  liquid  medium,  were  inoculated  with  organisms 
of  types  A,  B,  E,  and  F.  After  1 8  hours  incubation  at 
30°  C.,  a  screening  test  by  double  diffusion  of  the 


Figure  4.— Electrophoresis  of  toxic  type  B  medium  prep- 
aration forming  multiple-precipitin  bands  with  type  B  anti- 
sera. 


Figure  5.— The  precipitin  reaction  resulting  when  type  B 
antisera  is  used  against  type  B  electrophoresed  toxic  me- 
dium. Precipitin  band  corresponds  to  the  hemagglutinin 
band  of  type  B. 


HEMAGGLUTININ  RAND 


33A 


TOXIC  BAND 


HEMAGGLUTININ  BAND 
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Figure  6.— Schematic  representation  of  apparent  distribu- 
tion of  toxins  and  hemagglutinins  in  type  B. 


unconcentratcd  media  against  type  B  antitoxin  sepa- 
rated the  A  and  B  strains  (positive  reactions)  from 
the  E  and  F  strains  (negative  reactions).  Cultures 
giving  positive  reactions  in  the  above  test  were  cleared 
of  cells  and  concentrated  by  dialysis  as  described. 
Following  dialysis  the  samples  were  electrophoresed 
and  the  protein  laden  polyacrylamide  gels  tested  for 
toxin  by  double-diffusion  against  type  B  antisera.  At 
the  end  of  8  hours  one  or  two  immunoprccipitins 
were  detectable.  Results  indicated  that  at  the  end  of 
18  hours  incubation  the  screening  test  had  detected 
all  the  A  and  B  cultures.  The  types  E  and  F  had 
been  eliminated.  Comparison  of  code  numbers  with 
the  preparation  chart  showed  that  the  results  of  both 
tests  were  100  percent  accurate. 

Although  preliminary  data  presented  here  arc 
quite  promising,  there  remains  much  work  to  be  done 
in  refining  the  system.  The  comparison  of  sensitivity 
obtained  with  this  system  with  the  presently  used 
mouse  protection  tests  remains  to  be  accomplished  as 
docs  a  quantitative  determination  of  the  recovery  of 
toxin.  Sensitivity  would  appear  to  be  quite  high  con- 
sidering that  little  toxin  is  present  in  the  media  at  18 
hours  incubation. 

Preliminary  data  from  identical  experiments  with 
C.  botulinum  types  E  and  F  have  shown  equally  promis- 
ing results,  and  comparison  with  nontoxic  strains  is 
presently  being  conducted. 

The  low  quality  of  type  A  antitoxin  in  our  posses- 
sion precludes  its  use  in  the  immunoprecipitin  tech- 
niques and  necessitates  the  indirect  identification  of 
type  A  toxin  by  formation  of  one  rather  than  two 
precipitin  bands  with  type  B  antitoxin. 

The  proposed  system  to  be  tested  for  identification 
of  botulinal  toxins  in  food  products  is  as  follows:  (a) 
Concentration  of  the  liquor  from  the  sample  by  dialy- 
sis, (b)  the  separation  of  the  toxin  from  nontoxic, 
materials  in  the  preparatory  gels,  (c)  concentration  of 
collected  toxin  by  dialysis,  and  an  immunoprecipitin 
screening  test,  (d)  further  concentration  and  purifica- 
tion of  the  toxin  by  electrophoresis  in  polyacrylamide 
gels,  and  (e)  typing  of  the  toxin  by  immunoprecipitin 
techniques.  Total  time  lapse  for  identification  of  toxin 
with  this  system  could  be  held  to  a  maximum  of  48 
hours. 

The  electrophoretic  separation  of  the  toxins  from 
the  hemagglutinin  also  provides  means  of  preparing 
specific,  non-cross-reacting  antitoxins  for  toxins  pro- 
duced by  strains  of  types  A  and  B  C.  botulinum. 

Purifying  and  concentrating  the  extracellular  en- 
zymes by  gel  electrophoreses  permits  their  detection 
in  a  few  minutes  rather  than  hours  as  formerly  done 
by  the  plating  technique.  It  is  also  possible  to  assay 
for  many  different  enzymes  as  well  as  detecting  those 
proteins  which  form  immunoprecipitatcs,  thus  com- 
bining several  forms  of  information  on  the  same  gel, 
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Figure  7.— Upper  left  and  upper  right  shows  extracellular  proteolytic  enzyme  patterns  of  type  A  on  gelatin  and  milk,  respec- 
tively; while  lower  left  and  lower  right  shows  similar  reactions  for  type  B. 


reinforcing  identification.  Minutes  after  electrophore- 
sis, one  can  separate  the  proteolytic  from  the  non- 
proteolytic,  the  lipolytic  from  the  nonlipolytic.  Pre- 
liminary evidence  would  indicate  that  there  arc  dif- 
ferences in  the  numbers  of  isozymes  as  well  as  in  their 
migrational  rate. 

In  figure  7  the  effect  of  proteolytic  enzymes  of 
types  A  and  B  on  a  milk  substrate  and  on  a  gelatin 
substrate  is  shown.  By  employing  similar  procedures, 
one  can  assay  for  lipases,  and  lecithinases. 
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INOCULATED  PACK  STUDIES  ON  CLOSTRIDIUM 

BOTULINUM  TYPE  E  IN  UNIRRADIATED  AND  IRRADIATED  HADDOCK 


by  W.  P.  Segner  and  C.  F.  Schmidt 
Metal  Division  Research  and  Development, 
Continental  Can  Co.,  Inc.,  Chicago,  III.  60620 


Summary 

Inoculated  packs  were  initiated  to  assess  the  public 
health  aspect  of  Clostridium  botulinum  type  E  in  radur- 
ized  and  unirradiated  haddock.  Estimates  of  the 
maximal  expected  product  storage  life  were  deter- 
mined by  an  untrained  consumer-type  panel.  Values 
of  storage  life  are  designated  as  X  and  represent  the 
time  for  unanimous  product  rejection  by  this  panel. 
Triplicate  samples  per  variable  were  inoculated  with 
106,  104,  or  I02  of  the  Beluga  strain  per  gram.  Samples 
were  given  0.1  and  0.2  Mrad  doses  and  incubated 
along  with  inoculated  unirradiated  controls  at  inter- 
vals from  50°  F.  (10°  C.)  to  40°  F.  (4.4°  C).  Toxin 
assays  were  conducted  at  fractions  and  multiples  of 
X.  At  40°  and  42°  F.  incubation,  control,  and  irradi- 
ated samples  inoculated  with  10*  and  104  levels 
showed  no  toxin  up  to  2X.  At  46°  F.  incubation, 
samples  inoculated  with  10°  spores  and  given  0.1 
Mrad  irradiation  showed  toxin  at  X,  but  not  earlier; 
controls  remained  nontoxic  through  2X.  Control  and 
0.1  Mrad  samples  with  a  104  inoculum  showed  no 
toxin  development  up  to  2X.  With  0.2  Mrad  irradia- 
tion, toxin  was  detected  at  J^X  for  both  inoculum 
levels.  At  50°  F.,  control  and  0.1  Mrad  irradiated 
samples  were  nontoxic  up  to  X  with  104  and  102 
inoculum  levels.  However,  0.2  Mrad  samples  showed 
detectable  toxin  at  ftX  and  %X  with  104  and  102 
inoculum  levels.  The  results  with  0.1  Mrad  appear 
encouraging,  but  the  data  with  0.2  Mrad  irradiation 
are  less  favorable. 

Introduction 

The  commercial  distribution  of  fresh  seafood  on 
the  mainland  of  the  United  States  is  limited  primarily 
to  those  coastal  areas  where  seafood  is  caught,  because 
of  its  extremely  high  perishability.  The  U.S.  Atomic 
Energy  Commission  has  proposed  the  possible  exploi- 
tation of  low  doses  of  ionizing  radiation,  or  so-called 
radurization  doses  (4),  to  extend  the  refrigerated 
storage  life  of  certain  marine  food  products. 

Radurization  doses  of  0.1  and  0.2  Mrad  when 
combined  with  adequate  refrigeration  cause  a  consid- 
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erable  extension  of  storage  life  for  many  seafoods. 
However,  a  marked  extension  of  their  storage  life 
might  create  a  health  hazard  problem  due  to  C.  botu- 
linum type  E.  Three  facts  support  this  statement.  First, 
ecological  surveys  in  the  United  States  and  elsewhere 
have  definitely  established  the  ubiquity  of  C.  botulinum 
type  E  in  a  marine  enviromnent.  Second,  radiation 
doses  of  the  magnitude  being  considered  have  no 
major  destructive  effect  on  spores  of  this  organism  (7, 
8).  Third,  it  possesses  the  ability  to  grow  and  to 
produce  toxin  as  low  as  38°  F.  or  3.3°  C.  (6*). 

Since  haddock  (Melanogramus  aeglefinus)  and  cod 
{Gadus  callarius)  are  being  considered  by  the  AEC  for 
possible  commercial  irradiation,  inoculated  pack  stud- 
ies were  undertaken  to  assess  the  health  hazard  risk 
of  C.  botulinum  type  E.  This  paper  presents  the  inocu- 
lated pack  data  on  haddock. 

The  concept  of  the  inoculated  pack  to  determine 
the  margin  of  public  health  safety  of  radurized  marine 
food  products  was  discussed  by  Slavin,  Ronsivalli, 
and  Connors  {10).  Briefly,  the  rationale  for  such  packs 
is  an  attempt  to  show  that  low-dose  irradiated  seafoods 
pose  no  more  health  hazard  than  comparable  unir- 
radiated product.  This  involves  the  determination  of 
the  maximal  expected  product  storage  life  and  the 
earliest  time  of  type  E  toxin  production.  The  estimates 
of  maximal  product  storage  life  arc  obtained  by 
scientists  at  the  Bureau  of  Commercial  Fisheries 
Gloucester  laboratory  using  an  untrained  consumer- 
type  panel.  The  storage  life  values  for  unirradiated 
and  irradiated  product  are  designated  as  X  and  repre- 
sent the  time  for  unanimous  rejection  of  a  sample  by 
this  panel.  Acceptance  or  rejection  of  a  sample  is 
based  mainly  on  odor.  The  occurrence  of  unquestion- 
able spoilage  as  recognized  by  the  consumer  appreci- 
ably ahead  of  the  earliest  time  of  possible  type  E 
toxin  production  would  suggest  a  considerable  margin 
of  public  health  safety  for  radurized  marine  food 
products. 

Materials  and  Methods 

Preparation  and  standardization  of  type  E  spore 
suspensions.— Spores  of  the  Beluga  type  E  strain  were 
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produced  in  TPG  medium  with  incubation  at  85°  F. 
(30°  C.)  as  described  by  Schmidt  et  al.  (7).  A  low- 
temperature  spore  suspension  was  produced  in  TPG 
medium  with  1  percent  added  yeast  extract  (Difco) 
and  incubation  at  50°  F.  (10°  C.).  The  suspensions 
were  standardized  by  a  replicated  deep-tube  tech- 
nique using  5  percent  Peptone  (Difco)  agar  medium 
and  incubation  at  85°  F.  Sodium  thioglycollate  at  a 
concentration  of  0.1  percent  was  employed  for  sporula- 
tion  and  in  the  standardization  medium. 

Inoculated  packs. — Freshly  caught  haddock  were 
filleted,  packed  in  ice,  and  shipped  by  air  freight  to 
Chicago  by  Gloucester  BCF  personnel.  The  fillets 
were  about  24  hours  old  when  each  experiment  was 
started.  Wide-mouth,  2-ouncc  screwcap  jars  were 
subjected  to  250°  F.  (121°  C.)  for  5  minutes  to  de- 
stroy the  nonheat  resistant  microflora.  Circular  plugs 
of  fish  were  cut  out  with  a  stainless  steel  die  attached 
to  a  Ji-inch  drill  press.  The  die  was  sanitized  before 
use,  and  the  fillets  were  handled  with  rubber  gloves 
to  avoid  any  additional  contamination.  Each  sample 
consisted  of  two  plugs  of  fish  having  a  total  weight  of 
about  40  g.  Triplicate  samples  were  inoculated  for 
each  experimental  variable.  The  inoculum  (0.5  ml.) 
was  injected  with  a  sterile  syringe  and  needle  at 
multiple  sites  to  give  106,  104,  or  102  spores  per  gram. 
The  106  inoculum  was  preheated  at  140°  F.  (60°  C.) 
for  15  minutes  to  reduce  possible  toxin  carryover. 
Unless  stated  otherwise,  the  104  and  102  levels  were 
not  preheated. 

Irradiation  source.— Samples  were  given  0.1  and 
0.2  Mrad  doses  with  a  cobalt-60  source  located  at  the 
Illinois  Institute  of  Technology  Research  Institute. 
The  source  contained  about  5,200  curies  of  cobalt-60 
and  delivered  a  dose  rate  of  6.24  x  10*  rads  per 
hour.  The  samples  were  irradiated  at  40°  F.  (4.4°  C.) 
to  42°  F.  (5.6°  C.)  in  a  temperature  controlled  cham- 
ber. Midway  through  the  irradiation,  the  sample  was 
rotated  180°  to  equalize  the  dose.  The  samples  were 
transported  at  wet  ice  temperatures  prior  to  and  after 
irradiation.  The  irradiated  and  inoculated  unirradi- 
ated control  samples  were  incubated  at  50°  F.  (10° 
C),  46°  F.  (7.8°  C),  42°  F.  (5.6°  C),  or  40°  F.  (4.4° 
C). 

Sampling  and  toxin  assays.— At  each  designated 
sampling  period,  triplicate  samples  per  variable  were 
examined  for  odor,  pH,  and  the  presence  of  type  E 
botulinum  toxin.  Each  sample  was  blended  with  80 
ml.  of  prcchillcd,  sterile,  distilled  water  to  give  a  1:3 
blend.  A  portion  of  the  blend  was  pipetted  with  a 
sterile  cotton-plugged  large-bore  pipette  into  a  20  x 
150  mm.  screw-cap  tube  and  frozen.  The  pi  I  of  the 
sample  was  determined  on  a  second  portion  of  the 
blend;  in  some  cases,  a  total  aerobic  plate  count  was 
made  with  TPY  agar  (J).  Finally,  the  sample  was 
assayed  for  type  E  toxin  using  a  sodium  acetate  buffer. 


The  acetate  buffer  toxin  assay  procedure  involved 
pipetting  2  ml.  of  a  blend  into  2  ml.  of  0.5  M  acetate 
buffer  (pH  5.0)  in  a  sterile  16  x  125  mm.  screw-cap 
tube.  The  buffered  samples  were  mixed  on  a  Vortex 
Mixer  and  held  about  16  to  20  hours  at  38°  F.  (3.3° 
C).  The  buffer  gave  a  final  pH  in  the  range  5.2  to 
5.5.  For  digestion,  0.2  ml.  of  freslily  prepared  trypsin 
(10  percent,  Difco  1 :250)  was  added.  The  sample 
was  incubated  at  98°  F.  (37°  C.)  for  3  hours.  Dupli- 
cate mice  were  each  injected  intrapcritoncally  with 
0.5  ml.  of  the  digest.  In  many  instances,  a  simultane- 
ous protection  test  was  run;  in  others,  the  sample  was 
assayed  for  toxin  without  aniiioxin  protection  and 
toxin  verified  in  a  repeat  test.  The  antitoxin  used  was 
obtained  from  the  Pasteur  Institute. 

Blends  assayed  for  type  E  toxin  without  trypsin 
digestion  were  diluted  1-2  with  0.5  M  acetate  buffer 
and  held  from  16  to  20  hours  at  38°  F.  (3.3°  C.) 
before  being  injected  into  mice.  The  lowest  level  of 
toxin  theoretically  detectable  without  or  with  trypsin 
digestion  was  12  MLD/g.  Nonspecific  mouse  deaths 
occurred  with  both  unirradiated  and  0.1  Mrad  irradi- 
ated samples.  To  avoid  nonspecific  reactions,  the  anti- 
biotics chloramphenicol  and  oxytetracycline  were 
employed  (9).  Each  mouse  was  given  two  intraperi- 
toneal injections  of  the  antibiotics,  one  approximately 
20  hours  before  injection  of  the  fish  sample  and  the 
other  when  the  sample  was  administered.  Each  antibi- 
otic injection  consisted  of  0.1  ml.  volume  containing 
5.0  mg.  of  Chloromycetin  and  0.625  mg.  of  Terramy- 
cin.  The  antibiotics  were  not  used  with  0.2  Mrad 
irradiated  samples,  since  these  samples  failed  to 
produce  nonspecific  toxicities. 


Results 

Before  the  experiments  on  inoculated  pack  of  had- 
dock were  started,  a  study  was  made  to  determine 
the  sensitivity  of  the  acetate  toxin  assay  procedure. 
Frozen  haddock  and  cod  fillets  were  thawed,  finely 
ground,  and  packed  in  20  x  150  mm.  screw-cap  tubes. 
These  were  inoculated  with  spores  of  the  Beluga  strain, 
subjected  to  0.1  and  0.2  Mrad  doses,  vaspar  scaled, 
and  incubated  at  40°  F.  (4.4°  C).  Periodically  during 
incubation,  the  samples  were  assayed  for  type  E  toxin. 
Assays  were  made  without  trypsin  digestion  by  the 
acetate  buffer  procedure  and  with  trypsin  digestion 
by  both  the  phosphate  buffer  and  acetate  buffer  pro- 
cedures. The  comparative  toxin  assay  results  arc 
shown  in  table  1.  Since  the  samples  were  incubated 
anacrobically,  a  gram-positive  bacterial  flora  pre- 
dominated, that  caused  a  gradual  reduction  from  pH 
6.6  to  about  6.0.  Sodium  acetate  buffer  at  pH  5.5 
was  used  for  the  undigested  samples  and  for  the  sam- 
ples to  be  trypsin  digested.  The  results  showed  no 
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Table  1.— Comparative  toxin  assay  results  on  irradiated 
fish  samples  incubated  at  40s  F.  (4.4°  C.)1 

Fraction  of  samples  toxic 


Substrate 

Mrad 

UJ 

AC* 

Haddock  

0.1 

7/7 

7/7 

6/7 

0.2 

8/9 

9/9 

4/9 

Cod  

.  0.1 

7/12 

9/12 

0/12 

0.2 

2/12 

5/12 

0/12 

Totals.. 

24/40 

30/40 

10/40 

'Ground  uiwteami 

wculated  wil 

h  10'  spore. 

per  10  to  12  g. 

sample. 

'Aaaayed  undige»U-d  by  the  acetate  buffer  procedure. 

Trypsin  assayed  by  the  acetate  buffer  procedure. 

•Trypsin  assayed  by  the  conventional  phosphate  buffer  procedure. 


advantage  in  testing  for  toxin  by  the  phosphate  buffer, 
try  psin  digestion  procedure,  but  rather  strongly  sug- 
gested the  desirability  of  toxin  assaying  using  the 
acetate  buffer  technique.  The  acetate  procedure  was 
adopted  in  the  inoculated  pack  studies. 

Tabic  2  shows  the  inoculated  pack  results  on  fresh 
haddock  with  inoculum  levels  of  101  and  102  spores 
per  grain  and  incubation  at  50°  F.  (10°  C).  The 
table  is  arranged  to  show  the  irradiation  dose,  the 
length  of  incubation,  the  fraction  or  multiple  of  X, 
and  the  number  of  toxic  samples  recovered.  In  all 
cases,  samples  reported  as  being  nontoxic  failed  to 
show  type  E  toxin  without  and  with  trypsin  digestion. 
The  inoculated  unirradiated  controls  snowed  no  de- 
tectable type  E  toxin  at  either  inoculum  level  up  to 
2X.  Samples  inoculated  with  104  spores  and  given 
0.1  Mrad  irradiation  showed  no  toxin  through  2X; 
however,  similar  irradiated  samples  inoculated  with 
102  spores  showed  toxin  at  2X  in  one  out  of  three 
replicates,  but  no  toxin  at  earlier  incubation  times. 


Table  2.— Toxin  assay  results  on  haddock 
at  50°  F.  (10°  C.) 


Fraction  of 
samples  toxic* 


Incubation 
Mrad    time  (days) 


X 


10»  102 
Inoculation  Inoculation 


0  

4 

8 

1 

16 

2 

0.1... 

t> 

H 

12 

1 

24 

2 

0.2.-- 

10 

H 

20 

1 

40 

2 

iBCK  tcntativ«  eatinu 

ttc  of  maximal 

0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
3/3 
2/3 


0/3 
0/3 
0/3 
0/3 
0/3 
1/3 
0/3 
2/3 
2/3 


conditions. 
•Number  of 


lifei 


type  E 


der  aerobic 
of  aan 


Samples  given  0.2  Mrad  were  definitely  toxic  at  X 
and  2X  with  both  inoculum  levels,  although  compa- 
rable samples  were  nontoxic  at  K2X. 

Not  shown  in  table  2  or  in  the  tables  to  follow  are 
the  total  aerobic  counts,  pH  data,  and  our  spoilage 
rejection  determinations.  Samples  incubated  at  tem- 
perature intervals  in  the  range  50°  F.  (10°  C.)  to  40° 
F.  (4.4°  C.)  showed  rapidly  increasing  total  counts 
often  reaching  108  bacteria  or  higher  at  storage  times 
equal  to  !^X  in  many  instances.  Every  sample  showed 
a  rapidly  increasing  pH,  reaching  pH  7.6  and,  in 
some  cases,  as  high  as  pH  8.4.  Spoilage  was  charac- 
terized by  the  development  of  strong  putrid  odors  in 
both  unirradiated  and  irradiated  samples.  The  unir- 
radiated samples  invariably  showed  slime  during 
spoilage,  while  the  irradiated  samples  frequently 
showed  mold  growth  in  addition  to  slime  growth.  In 
general,  our  spoilage  rejection  times  tended  to  coincide 
with  the  tentative  values  reported  by  the  BCF 
laboratory  consumer  panel. 

The  46°  F.(7.8°  C.)  assay  results  with  10B  and  104 
inoculum  levels  arc  shown  in  table  3.  The  control 
and  0.1  Mrad  samples  showed  no  toxin  at  incubation 
times  corresponding  to  1/>X,  X,  and  2X.  Samples 
inoculated  with  10'  spores  and  given  0.2  Mrad  irradia- 
tion also  were  nontoxic  at  comparable  values  of  X. 
But  with  a  10°  inoculum  level,  0.2  Mrad  irradiated 
samples  showed  the  presence  of  toxin  at  X  and  2X  in 
one  out  of  three  supposedly  replicate  samples. 


Table  3.-Toxin  assay  results  on  haddock  incubated 
at  46°  F.  (7.8°  C.) 


Fraction  of 
samples  toxic1 


Incubation 
Mrad     time  (days) 


X  value 


10«  10* 
Inoculation  Inoculation 


0.1.. 


0.2. - 


0 
12 
24 

6 
13 
26 
12 
24 
50 


H 
l 

2 
H 
1 

2 

1 

2 


0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
1/3 
1/3 


0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 


'Number  of  namplea 


type  E  toxin  per  number  of 


The  inoculated  pack  results  shown  in  tables  2  and 
3  are  based  on  spores  produced  at  85°  F.  (30°  C). 
Work  in  ground  fish  substrates  at  40°  F.  (4.4°  C.) 
and  42°  F.  (5.6°  C.)  suggested  that  spores  of  the 
Beluga  strain  produced  at  50°  F.  (10°  C.)  possessed 
somewhat  faster  outgrowth  ability  at  low  incubation 
temperatures  than  spores  produced  at  85°  F.  An  ex- 
periment was  conducted  in  fresh  haddock  with  incu- 
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bation  at  42°  and  40°  F.  to  compare  the  outgrowth 
ability  of  spores  produced  at  50°  F.  to  that  of  spores 
formed  at  85°  F.  The  comparative  results  arc  shown 
in  table  4.  None  of  the  unirradiated  or  the  irradiated 
samples  produced  toxin  up  to  2X.  Toxin  assays  con- 
ducted at  %X,  X,  and  l^X  also  were  negative. 
From  these  results,  there  appears  to  be  no  reason  to 
expect  faster  spore  outgrowth  or  growth  at  any  lower 
temperature  from  spores  produced  at  suboptiinal 
temperatures. 


Table  4.— Toxin  assay  results  on  haddock  incubated 
at  42°  F.  (5.6°  C.)  and  40°  F.  (4.4°  C.) 


Fraction  of 
samples  toxic' 


Tempera- 

10* 

10' 

ture 

Experi- 

Incubation 

Inocu- 

Inocu- 

degrees F. 

ment1 

Mrad 

time  (days)-' 

lation 

lation 

42.. 

.... 

0 

2'J 

0/3 

0/3 

0.1 

00 

0/3 

0/3 

(1.2 

82 

0/3 

0/3 

2  

0 

m 

0/3 

0/3 

0.1 

00 

0/3 

0/3 

0.2 

72 

0/3 

0/3 

40  

1  

0 

34 

0/3 

0/3 

0.1 

02 

0/3 

0/3 

0.2 

82 

0/3 

0  3 

2  

0 

34 

0/3 

0/3 

O.I 

80 

0/3 

0/3 

0.2 

80 

0/3 

0/3 

'Experiment  1  conducted  with  Heluga  spores  produced  at  Ko"  F.  and 
eiperiment  2  with  spores  produced  at  50"  F. 
I  n  cm  but  io  ft  t-i  Ofrt^  t*t      s&k  fit  ^    yieI  iicn* 

•Number  of  samples  containing  type  E  toxin  per  number  of  sample* 


Table  5.-Toxin  assay  results  for  50°  F.  (10°  C.) 
incubated  haddock  (Experiment  2) 


Fraction  of 
samples  toxic 


10^  In-  102  ln_ 
oculation  oculation 


Incubation 


11  1 

Mrau 

time  (days ) 

X  value 

1  D' 

u 

1 D 

0  

4 

0/3 

0  3 

0/3 

0/3 

6 

% 

0/3 

0:3 

0/3 

0/3 

/; 

1 

0/3 

0/3 

0  3 

0/3 

12 

\lA 

0/3 

1  /3 

0/3 

0/3 

1G 

2 

2/3 

2/3 

0/3 

0  /3 

0.1 

6 

V4 

0/3 

0/3 

0/3 

0,3 

9 

V* 

0/3 

0/3 

0/3 

0/3 

12 

1 

0/3 

0/3 

0/3 

0/3 

18 

Wi 

0/3 

0/3 

0/3 

1/3 

24 

2 

0/3 

0/3 

0/3 

0/3 

0.2  ...... 

10 

W 

0/3 

2/3 

0/3 

0/3 

l.ri 

y* 

0/3 

3  3 

0/3 

1/3 

20 

\ 

0/3 

0/3 

2/3 

2/3 

30 

Wi 

2  '3 

2/3 

1 ,3 

0/3 

40 

2 

2/3 

2/3 

1/3 

1/3 

■Undigested. 
Trypsin  dlge»ted. 


Table  6.-Toxin  assay  results  for  46°  F.  (7.8°  C.) 
incubated  haddock  (Experiment  2) 


Fraction  of 
samples  toxic 


I08  In-  104  In- 
oculation oculation 

Incubation 

Mrad        time  (days)       X  value      U1    TD2  U  TD 


To  confirm  the  inoculated  pack  data  on  haddock 
incubated  at  50°  F.  (10°  C.)  and  46°  F.  (7.8°  C),  a 
second  experiment  was  run.  A  new  spore  suspension 
of  the  Beluga  strain  was  produced  at  85°  F.  (30°  C.) 
and  used.  All  of  the  inoculum  levels  tested  were  pre- 
heated at  140°  F.  (60°  C.)  for  15  minutes.  Unirradi- 
ated and  irradiated  samples  were  toxin  assayed  at 
J4X,  %X,  X,  1J4X,  and  2X.  The  toxicity  results  arc 
shown  in  tables  5  and  6.  As  compared  to  the  first 
experiment,  unirradiated  controls  inoculated  with  104 
spores  and  incubated  at  50°  F  showed  toxin  at  l^X 
and  2X.  In  general,  the  results  of  the  two  experiments 
arc  comparable,  although  toxin  was  detected  some- 
what earlier  with  0.2  Mrad  irradiation  in  the  second 
experiment.  Table  7  summarizes  the  toxicity  data  of 
the  second  haddock  experiment  in  terms  of  the  earli- 
est time  for  type  E  toxin  production  at  50°  and  46°  F. 

Discussion 

Detection  of  low  levels  of  type  E  toxin  is  compli- 
cated by  the  fact  that  the  toxin  is  bound  intracellu- 


0  

6 

\'2 

0/3 

0/3 

0/3 

0/3 

9 

W 

0/3 

0/3 

0/3 

0/3 

12 

1 

0/3 

0/3 

0  3 

0/3 

18 

Wi 

0/3 

0/3 

0/3 

0/3 

24 

2 

0/3 

0/3 

0/3 

0/3 

0. 1 

0 

Vi 

0/3 

0/3 

0/3 

0/3 

9 
13 

% 

I 

0/3 
0/3 

0/3 

3/3 

0/3 
0/3 

0,  3 

0/3 

18 

Ui 

0  '3 

0  '3 

0/3 

0/3 

24 

2 

2/3 

2/3 

0/3 

0/3 

0.2  

12 

»/* 

0/3 

3/3 

0/3 

1/3 

18 

v* 

0/3 

2  '3 

0/3 

1/3 

24 

i 

0/3 

1  '3 

0/3 

0/3 

36 

1  Vz 

0/3 

!  /3 
1  3 

0/3 

0/3 

48 

2 

1/3 

0/3 

0/3 

'Undlgoaed. 

'Trypsin  dlgmied. 


larly  and  released  primarily  lay  vegetative  cell  lysis. 
It  seems  that  type  E  cells  do  not  lyse  as  readily  when 
grown  at  low  temperatures  as  they  do  at  temperatures 
near  the  optimum  for  growth.  Thus,  a  significant 
amount  of  toxin  may  pass  undetected  unless  some 
means  is  used  extract  the  toxin  from  the  cells  or 
cause  them  to  lyse. 

The  role  of  sodium  acetate  in  the  detection  of  low 
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Table  7.— Summary  of  toxin  assay  results  on 
haddock  with  incubation  at  50"  F.  (10°  C.) 
and  46°  F.  (7.8°  C.)  (Experiment  2) 


Incubation  time 
(days) 

Temperature 

degree*  F.       Inoculation     Mrad    No  toxin1  Toxin1 


50  .10*  

0 

8(1) 

I2(IH) 

.1 

24(2) 

.2 

-  10(H) 

10*  

..  0 

16(2) 

.1 

12(1) 

"  YbuhY 

.2 

10(H) 

15(H) 

46  10*..-... 

0 

24  (2) 

.1 

9(H) 

"lVoj" 

.2 

.  12(H) 

I0« 

.  0 

"24(2) 

.1 

24(2) 

.2 

-  12(H) 

'Valuea  in  parenthesis  show  fraction  or  multiple  of  X. 


levels  of  type  E  toxin  in  fish  samples  is  not  clear.  It 
may  cause  an  extraction  of  toxin  from  intact  cells, 
cause  a  release  of  possible  adsorbed  toxin  on  fish 
tissue,  or  simply  establish  a  more  favorable  pH  for 
toxin  activation.  In  any  event,  it  provides  a  con- 
venient means  of  adjusting  the  sample  pH  for  trypsin 
digestion.  In  the  conventional  phosphate  buffer  tryp- 
sin digestion  assay  procedure,  as  described  by  DufT, 
Wright,  and  Yarinsky  (3),  digestion  is  conducted  with 
0.067  M  phosphate  buffer  at  pH  6.0  to  6.2.  This 
buffer  is  suitable  for  use  with  assays  of  broth  cultures; 
however,  it  is  a  poor  buffer  for  assays  of  food  products 
showing  high  pH  values.  Haddock  fillets  incubated 
acrobically  or  under  partially  aerobic  conditions  show 
a  marked  increase  in  pH.  Unless  the  precaution  is 
taken  to  adjust  the  pH  for  trypsin  digestion,  a 
significant  amount  of  type  E  toxin  may  be  destroyed. 
Use  of  the  acetate  buffer  eliminates  the  necessity  of 
making  manual  pH  adjustments. 

There  appears  to  be  little  advantage  in  toxin  assay- 
ing simultaneously  with  and  without  trypsin  digestion. 
In  the  second  experiment  on  haddock  at  50°  F.  (10° 
C.)  and  46°  F.  (7.8°  C),  180  samples  were  assayed 
both  ways.  WiUi  trypsin  digestion,  32  samples  showed 
detectable  toxin  versus  13  without  digestion.  In  only 
two  instances,  toxin  was  detected  without  digestion 
from  samples  that  failed  to  show  toxin  with  digestion. 
These  results  suggest  the  desirability  of  first  assaying 
with  digestion  and  then  rctesting  all  apparently  non- 
toxic samples  without  digestion. 

The  inoculated  pack  data  on  haddock  with  0.1 
and  0.2  Mrad  irradiation  at  42°  F.  (5.6°  C.)  and  40° 
F.  (4.4°  C.)  suggest  no  type  E  hazard,  provided  the 
product  is  distributed  and  stored  at  42°  F.  or  below. 
This  conclusion  is  supported  by  inoculum  levels  of 
10°  and  104  spores  per  gram  and  spores  produced  at 


optimal  and  suboptimal  temperatures.  At  50°  F.  (10° 
C.)  and  46°  F.  (7.8°  C.)  incubation,  the  inoculated 
pack  results  with  0.1  Mrad  irradiation  appear  favor- 
able, since  no  toxin  was  detected  up  to  twice  the 
expected  storage  life  with  a  104  inoculum  level.  At 
46°  F.,  toxin  was  detected  at  X  with  a  106  inoculum 
level,  but  not  at  earlier  sampling  periods.  VVc  believe 
that  negative  toxin  assay  results  with  104  spores  per 
gram  for  twice  the  maximal  expected  storage  life 
would  be  ample  evidence  of  the  absence  of  a  type  E 
hazard,  even  though  occasional  toxin  production 
might  be  detected  earlier  with  a  challenge  dose  of 
106  spores  per  gram. 

The  results  with  0.2  Mrad  irradiation  and  incuba- 
tion at  46°  and  50°  F.  are  less  favorable  than  those 
without  irradiation  or  with  0.1  Mrad  irradiation. 
Samples  inoculated  with  10°  and  104  spores  and  given 
0.2  Mrad  irradiation  showed  type  E  toxin  production 
at  ¥>X  with  46°  F.  incubation.  With  50°  F.  incuba- 
tion, samples  inoculated  with  104  and  102  spores  were 
toxic  at  '/$X  and  %X,  respectively. 

Cann  et  al.  (2)  reported  that  vacuum  packed  her- 
ring, cod,  and  haddock  given  0.3  Mrad  irradiation 
and  stored  at  50°  F.  (10°  C.)  showed  little  differences 
in  the  time  of  type  E  toxin  production  from  similar 
unirradiated  fish.  However,  Ajmal  (1)  found  that 
aerobically  packed  herring  and  cod  subjected  to  0.65 
Mrad  irradiation  and  incubated  at  50°  F.  were  ap- 
preciably more  susceptible  to  type  E  toxin  develop- 
ment than  comparable  unirradiated  product.  Our 
toxicity  results  on  unirradiated  and  irradiated  had- 
dock in  most  cases  are  not  based  on  equivalent  incu- 
bation times.  However,  0.1  and  0.2  Mrad  irradiated 
haddock  samples  appeared  to  show  toxin  production 
somewhat  earlier  at  50°  and  46°  F.  dian  corresponding 
unirradiated  samples.  When  compared  on  the  basis  of 
equivalent  X  values,  0.2  Mrad  irradiated  samples 
definitely  showed  toxin  formation  earlier  than  either 
0. 1  Mrad  irradiated  samples  or  unirradiated  controls. 

The  reason  for  this  apparent  increased  susceptibility 
of  raduri/ed  fish  to  type  E  toxin  production  is  un- 
known. Perhaps  it  is  attributable  to  the  reduction  in 
the  competitive  microflora  as  Ajmal  (/)  suggests. 
However,  it  might  be  due  to  some  favorable  changes 
produced  in  the  substrate  by  irradiation  that  stimulate 
faster  outgrowth  of  type  E  spores.  Another  possibility 
is  that  low  dose  irradiation  causes  spore  activation 
comparable  to  the  heat  activation  effect  observed 
with  certain  bacterial  spores. 

There  were  two  instances  in  the  inoculated  pack 
experiments  at  50°  F.  (10°  C.)  where  type  E  toxin 
was  detected  widi  a  10a  inoculum  level  in  one  out  of 
three  replicate  samples,  but  none  was  detected  at  a 
comparable  time  period  with  a  104  inoculum.  Both 
cases  occurred  with  0. 1  Mrad  irradiation.  Such  results 
suggest  that  if  additional  replicates  had  been  run 
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with  a  \04  inoculum  some  samples  might  have  shown 
toxin.  The  results  illustrate  the  necessity  of  extensive 
replication  to  secure  meaningful  toxicity  data. 

The  inoculated  pack  protocol  followed  for  haddock 
will  be  extended  to  assess  the  public  health  safety  of 
other  marine  food  products  of  interest  in  the  AEC 
program.  Inoculated  parks  appear  to  be  the  best 
approach  for  determining  the  possible  risk  of  growth 
and  toxin  production  of  C.  hotulinum  type  E  in  radur- 
ized  refrigerated  seafoods. 

Acknowledgments 

This  investigation  was  conducted  under  contract 
AT(11~  I)  1183  with  the  Division  of  Biology  and 
Medicine  of  the  U.S.  Atomic  Energy  Commission. 
The  cooperative  efforts  of  Louis  J.  Ronsivalli  and 
Vincent  Ampola  of  the  Bureau  of  Commercial  Fish- 
eries Laboratory  at  Gloucester  in  supplying  the  fish 
fillets  are  gratefully  acknowledged.  The  excellent 
technical  assistance  ol  Jcrald  K.  Boltz  of  our  labora- 
tory is  appreciated. 

References 

(/)  AJMAL,  M.  1968.  Clostridium  hotulinum  type  E:  Growth 
and  toxin  production  in  food.  J.  Appl.  Bact.  31: 
124-132. 

(2)  CAXN,  1).  C,  B.  B.  WILSON,  J.  M.  SHEW  AN,  T.  A. 
ROBERTS,  and  D.  N.  RHODES.  1966.  A  comparison 
of  toxin  production  by  Clostridium  botulinum  type  E  in 


irradiated  and  unirradiated  vacuum  packed  fish.  J. 
Appl.  Bact.  29:  340-M8. 

13)  DUFF,  J.  T.,  G.  G.  WRIGHT,  and  A.  YARINSKY. 
19')<3.  Activation  of  Clostridium  botulinum  type  E  toxin  by 
trypsin.  J.  Bacterial.  72:  4.'i.'i-460. 

(4)  GORESLINE.  H.  E.,  M.  INGRAM,  P.  MACUCH,  G. 
MACQUOT,  D.  A.  A.  MOSSEL,  C.  F.  NIVEN,  and 
F.  S.  THATCHER.  1964.  Tentative  classification  of 
food  irradiation  processes  with  microbiological  objec- 
tives. Nature  204:  237-238. 

(■>)  PF.I.ROY,  G.  A.,  and  M.  W.  EKLUND.  1966.  Changes 
in  the  microflora  of  vacuum-packaged,  irradiated  pe- 
tiole sole  {EopstWi  jot  dam)  fillets  stored  at  0.5'  C.  Appl. 
Microbiol.  14:  921-927. 

(€)  SCHMIDT,  G.  F..  R.  V.  EECHOWIGH,  and  J.  F. 
FOLINAZZO.  1961.  Growth  and  toxin  production  by 
type  E  Clostridium  botulinum  below  40,:  F.  f.  Food  Sci. 
26:  626-630. 

(/}  SCHMIDT,  C.  F.,  W.  K.  NANK,  and  R.  V.  I.ECHO- 
WICH.  1962.  Radiation  sterilization  of  food.  II.  Some 
aspects  of  the  growth,  sporulation,  and  radiation  resist- 
ance of  spores  of  Clostridium  botulinum  type  E.  J.  Food 
Sci.  27:  77-84. 

(.«:■  SEGNER,  W.  P..  and  C.  F.  SCHMIDT.  1966.  Radiation 
resistance  of  spores  of  Ciotthditim  hotulinum  type  E.  Proc. 
Intern.  Symposium  on  fo<Kl  irradiation.  Karlsruhe, 
Federal  Republic  of  Germany.  Intern.  Atomic  Energy- 
Agency,  Vienna,  2H 7-2**8. 

(9)  SEGNER,  VV.  P.,  and  C.  F.  SCHMIDT.  1968.  Nonspe- 
cilic  toxicities  in  the  mouse  assay  test  for  botulinum 
toxin.  Appl.  Microbiol.  1(1:  In  precis. 
(10)  SI  .AVI  N,  J.  W.,  I..  J.  RONSIVALLI,  and  T.J.  CON- 
NORS. 1966.  Status  of  research  and  developmental 
studies  on  radiation  pasteurization  of  fish  and  shclllish 
in  the  United  States.  Proc.  Intern.  Symposium  on  food 
irradiation.  Karlsruhe,  Federal  Republic  of  Germany. 
Intern.  Atomic  Energy  Agency,  Vienna,  "H)y-.r)33. 


Digitized  by  Google 


TOXIN  PRODUCTION  BY  CLOSTRIDIUM  BOTULINUM 
TYPE  E  IN  RADIATION-PASTEURIZED  FISH 


by  Yoshiaki  Ando,  Takashi  Karashimada,  Teiji  Ono,  and  HlROO  IlDA 
Hokkaido  Institute  of  Public  Health,  Saf/fwro,  Japan 


Summary 

Herring  homogenates  were  inoculated  with  10* 
spores  of  Clostridium  botulinum  type  E  per  grain,  irradi- 
ated at  0,  0,1,  and  0.3  Mrads  and  then  stored  at  20° 
or  10°  C.  Total  volatile  base,  total  bacterial  counts, 
and  oxidation-reduction  potential  were  periodically 
assayed  and  the  relation  between  these  indices  in 
irradiated  samples  was  compared  with  that  in  unir- 
radiated ones.  Toxin  production  in  unirradiated 
samples  occurred  so  rapidly  that  there  seem  to  be  no 
significant  difference  between  the  time  for  develop- 
ment of  toxin  and  the  spoilage  time;  whereas,  toxin 
production  in  irradiated  samples  began  to  occur  be- 
fore the  appearance  of  signs  of  spoilage.  More  toxin 
was  produced  in  irradiated  samples  than  in  unirradi- 
ated ones. 

The  fact  that  radiation  pasteurization  apparently 
enhances  the  growdt  and  toxin  production  of  C.  botu- 
linum type  E  in  herring  homogenates  is  discussed  form 
the  viewpoint  of  the  oxidation-reduction  potential. 

Introduction 

The  purpose  of  the  present  investigation  is  to  clarify 
the  microbiological  safety  of  the  radiation  pasteurized 
fish,  with  special  regard  to  the  possible  occurrence  of 
the  C.  botulinum  type  E  hazard. 

It  is  generally  recognized  that  radiation  pasteuriza- 
tion in  the  low-dose  levels  (0.1  to  0.5  Mrads)  followed 
by  preservation  at  chilling  temperatures,  offers  many 
advantages  to  irradiation  preservation  of  fish.  At  such 
low  doses,  however,  it  is  conceivable  that  a  consider- 
able number  of  spores  of  C.  botulinum  type  E  in  the 
contaminated  fish  survive  irradiation  and  thus  the 
possibility  of  development  of  toxin  exists  whenever 
suitable  conditions  for  their  outgrowth  occur.  One  of 
the  grounds  for  accepting  this  assumption  is  the  data 
on  radiation  resistance  of  type  E  spores.  Reports  by 
several  workers  show  that  the  radiation  resistance  of 
spores  of  C.  botulinum  type  E  is  generally  considered 
to  be  lower  than  that  of  types  A  or  B.  Schmidt  ci  al. 
(8)  determined  D  values  of  spores  of  six  typc-E  strains 
suspended  in  a  beef  stew  by  using  the  partial  spoilage 
method  and  obtained  a  mean  D  value  of  0.132  Mrad. 
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Roberts  and  Ingram  (fi)  reported  that  the  1)  values 
of  spores  of  nine  typc-E  strains  in  aqueous  suspension, 
calculated  from  the  exponential  part  of  survivor 
curves,  ranged  from  0.065  to  0.16  Mrads  and  the 
shoulder,  followed  by  exponential  part,  extended  to 
about  0.4  Mrad.  The  resistance  values  of  spores  of  14 
type  E  strains  isolated  in  Hokkaido  are  summarized 
in  table  1 , 

Table  1.— D  and  L  values  of  spores  of  various  strains 
of  Clostridium  botulinum  type  E  in  aqueous  suspension 


Strain  D  value  (Mrad)    L  value  (Mrad) 


Iwanai   0.156  0.161 

Mashike  .  .   .   145  .137 

Abashiri  174  .141 

Zenigamesawa  127  .136 

Saroma.-  ..153  .156 

Morai1  160  .058 

Memanbetsu'  145  .015 

K-20  103  .184 

T-27-3   139  .132 

S  29  1  141  .087 

R-l-3   120  .197 

N-6-4  116  .177 

M-2    .128  .159 

K-4...         _.  .                    ..144  .061 


'Nontoxic  strain. 

Nevertheless,  pasteurization  doses  of  irradiation 
would  not  eliminate  type  E  spores  as  staled  by 
Schmidt  et  al.  ('ami  et  al.  (3,  4)  also  suggested  the 
possibility  of  the  radiation  pasteurized  fish  becoming 
botulogcnic,  by  confirming  that  the  spores  surviving 
irradiation  germinated  and  produced  toxin  more 
rapidly  than  an  equivalent  number  of  the  spores  in 
unirradiated  fish. 

Generally  speaking,  radiation  pasteurized  fish  must 
be  stored  at  temperatures  as  low  as  possible,  because 
C.  botulinum  type  E  can  grow  even  at  chilling  tempera- 
ture in  the  region  of  40°  V.  (7).  However,  it  is  not 
uncommon  for  fish  or  fish  products,  even  if  irradiated, 
to  be  stored  at  undesirable  temperatures  before  con- 
sumption. For  example,  in  recent  outbreaks  in  this 
country,  it  has  been  pointed  out  that  most  of  the 
incriminated  fish  were  processed  at  the  relatively  high 
temperature  during  warm  seasons. 
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The  present  work  was  undertaken  in  order  to  de- 
termine the  time  required  for  the  development  of 
toxin  in  irradiated  and  unirradiated  fish  homogenates 
in  relation  to  the  spoilage  time  when  homogenates 
were  stored  at  room  temperature  (20°  C.)  or  below 
(10°  C). 

Materials  and  Methods 

Preparation  of  irradiation  samples.— Homogen- 
ates were  employed  throughout  these  experiments. 
To  prepare  homogenates,  fresh  muscle  of  herring  was 
blended  with  an  equal  weight  of  distilled  water  in  an 
homogenizer.  The  homogenates  were  distributed  in 
10-gram  quantities  in  test  tubes  (IB  x  150  mm.), 
plugged  with  cotton.  The  tubed  homogenates  were 
inoculated  with  spores  of  C.  boiulimtm  type  E,  strain 
Iwanai,  to  a  level  of  10"'  spores  per  gram  of  homogen- 
atc.  The  inoculated  lubes  were  held  at  0°  C.  until 
needed  for  irradiation. 

Irradiation. — On  the  following  day,  the  inoculated 
tubes  were  irradiated  with  cither  a  close  of  0.1  or  of 
0.3  Mrads  at  ambient  temperature  (4°  to  10°  C). 
Immediately  after  being  irradiated,  the  samples  were 
divided  into  groups  and  incubated  at  either  10°  or 
20°  C.  together  with  unirradiated  controls. 

Preparation  of  assay  samples. — At  each  sampling 
interval,  the  contents  of  both  irradiated  and  unir- 
radiated samples  were  transferred  into  separate  steri- 
lized tubes,  rinsed  thoroughly  with  20  ml.  of  cold, 
sterilized  saline  containing  0.1  percent  of  peptone. 
The  samples  were  mixed  thoroughly  with  aid  of  mix- 
ing equipment,  "Thcrmomixer,"  before  assay. 

Toxin  assay.— After  ccntrifugation  at  2,000  r.p.m. 
for  5  minutes,  the  supernatant  fluid  was  incubated  at 
37°  C.  for  1  hour  with  an  equal  volume  of  0.1  M 
phosphate  buffer  (pH  6.0)  containing  0.2  percent  of 
trypsin.  Appropriate  dilutions  were  made  with  gelatin- 
phosphate  buffer  (pH  6.0)  and  portions  of  0.5  nil.  of 
the  dilutions  were  injected  intraperitoneally  into  two 
mice.  The  mice  were  observed  for  typical  symptoms  of 
botulism  for  2  days. 

Total  bacterial  count. — Four  plates  were  prepared 
in  duplicate  using  TPN  agar  of  Corlett  et  al.  (5).  The 
plates  were  incubated  at  25°  C.  for  4H  hours  prior  to 
counting  total  colony  numbers. 

Total  volatile  base  (TVB). — TVB  was  determined 
by  means  of  Conway's  inicrodiflusion  analysis. 

Oxidation-reduction  potential  (Eh). — The  ar- 
rangement of  the  apparatus  for  measuring  Eh  of  the 
irradiated  or  unirradiated  samples  is  illustrated  in 
figure  1.  The  platinum  electrode  was  cleaned  in 
chromic-sulphuric  acid,  rinsed  thoroughly  in  distilled 
water,  and  flamed  in  a  methanolic  flame  just  prior  to 
set  up.  Both  the  electrode  and  the  small  glass  tube  for 
the  KCl-agar  bridge  were  suspended  firmly  by  a  cot- 


ton plug  in  a  test  tube  of  the  same  diameter  as  irradia- 
tion tube  and  autoclaved.  Then  the  KCl-agar  bridge 
was  filled  aseptically  and  the  cotton  plug  with  the 
electrode  and  RCl-^gar  bridge  was  bodily  set  over 
into  the  tube  containing  herring  homogenatc.  The 
electrode  was  inserted  as  deeply  as  possible.  The  tubes 
were  subsequently  irradiated  and  incubated. 

Eh  was  measured  potentiometrically  by  use  of  a 
pi  I  meter,  "Hitachi-IIoriba's  M-5,"  with  attachment 
of  automatic  recording  equipment.  Care  was  taken 
not  to  disturb  the  electrode-homogenate  system  dur- 
ing measurement  of  Eh. 

Results 

Bacterial  counts. —  The  total  bacterial  counts  in 
the  herring  homogenates  irradiated  at  0,  0.1  and  0.3 
Mrads  and  stored  at  either  10°  or  20°  C.  arc  illustrated 
in  figure  2.  Irradiation  at  0.1  and  0.3  Mrads  reduced 
the  initial  counts  by  about  82.0  and  97.2  percent, 
respectively.  With  storage  at  20°  C,  the  counts 
of  the  unirradiated  samples  increased  rapidly  to  a 
maximum  level  after  2  days,  whereas  those  of  the 
irradiated  samples  increased  more  slowly  to  their 
maxima  after  4  to  5  days.  With  storage  at  10°  C,  die 
changes  in  bacterial  counts  showed  trends  similar  to 
those  observed  at  20"  C;  however,  the  counts  at  10° 
C.  in  all  required  an  approximately  fourfold  longer 
period  to  reach  their  respective  maxima  as  compared 
with  storage  at  20°  ex- 
changes in  total  volatile  base.— As  shown  in  fig- 
ure 3,  the  TVB  values  of  the  unirradiated  samples 
increased  almost  steadily  over  the  storage  periods, 
while  those  of  the  irradiated  samples  increased  very 
slowly  after  some  lag  periods. 

When  the  TVB  value  exceeded  30  mg.  percent,  a 
significant  degree  of  spoilage,  as  based  on  putrefactive 
odors,  was  observed  in  all  the  samples.  The  storage 
times  in  which  the  TVB  values  of  the  irradiated  and 
unirradiated  samples  exceeded  30  mg.  percent  are  as 
follows:  Unirradiated  samples,  2  to  4  days  and  1  day 
at  10°  and  20°  C,  respectively;  samples  irradiated  at 
0.1  Mrad,  8  to  10  days  and  3  days  at  10°  and  20°  C  , 
respectively;  samples  irradiated  at  0.3  Mrad,  12  to  14 
days  and  5  days  at  10°  and  20°  C,  respectively. 

Eh  changes. — The  changes  of  the  Eh  values  meas- 
ured during  storage  are  shown  a.s  potential-time 
curves  in  figure  4.  Measurements  of  initial  poten- 
tial were  made  in  the  unirradiated  samples  after 
being  kept  at  0°  C.  for  at  least  12  hours,  ljccau.se 
fish  homogenates,  poised  poorly  in  the  presence  of 
air,  showed  some  irregular  drifts  in  the  initial  po- 
tential, owing  to  unstable  equilibria  developed  in 
the  homogenates  themselves.  On  the  contrary,  meas- 
urements were  made  in  the  irradiated  samples  im- 
mediately after  irradiation. 
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Platinum  electrode 


KCl-agar  bridge 


Sample 


Calomel  electrode 


KC1  solution 


Figure  1.— Apparatus  for  measurement  of  Eh  in  fish  homogenates. 


With  the  unirradiated  samples  stored  at  10°  C, 
the  potential  fell  gradually  from  its  initial  value  of 
—0.03  volt  to  the  minimum  value  of — 0.33  volt  after  6 
days  and  then  rose  gradually  to  the  final  value  of 
—0.20  volt  after  15  days. 

Remarkably  it  was  found  that  all  the  irradiated 
samples  were  poised  heavily  in  the  reducing  potentials, 
indicating  much  lower  level  of  negative  values  than 
that  of  the  unirradiated  samples.  The  initial  Eh  values 
of  the  irradiated  samples  stored  at  10°  C.  were  — 0.25 
and  —0.34  volts  at  0.1  and  0.3  Mrads,  respectively. 
These  potentials  proceeded  through  some  undulating 
drifts  toward  their  final  Eh  values,  — 0.20  and  — 0.31 
volts  at  0. 1  and  0.3  Mrads,  respectively. 

With  the  unirradiated  samples  stored  at  20°  C, 
the  potential  fell  rapidly  to  the  minimum  value  of 


—0.35  volt  after  36  hours  and  subsequently  rose  to  the 
final  value  of  — 0.20  volt.  The  initial  Eh  values  of  the 
irradiated  samples  stored  at  20°  C.  were  —0.19  and 
—0.27  volts  at  0.1  and  0.3  Mrads,  respectively.  These 
potentials  rose  gradually  toward  the  same  final  Eh 
value  of  — 0.1 1  volt.  As  can  be  seen  in  figure  4,  none 
of  these  potentials  ever  proceeded  upward  to  positive 
values  during  the  whole  storage  period. 

Toxicity  changes. — The  changes  of  the  toxin  pro- 
duction in  the  irradiated  and  unirradiated  samples 
during  storage  at  either  10°  or  20°  C.  are  shown 
in  figure  5.  With  the  storage  temperature  of  10° 
C,  no  detectable  amount  of  toxin  was  found  in 
all  the  samples  after  4  days.  More  toxin  was  demon- 
strated after  8  days;  the  highest  level  of  toxin  was 
detected  in  the  samples  irradiated  at  0.1  Mrad,  the 
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Figure  2.— Changes  in  total  bacterial  counts  of  irradiated 
and  unirradiated  herring  homogenates  during  storage  at 
10°  or  20°  C. 


lowest  being  detected  in  the  samples  irradiated  at  0.3 
Mrad.  More  toxin  was  detected  in  both  of  the  irradi- 
ated than  in  the  unirradiated  samples  after  14  to  20 
days. 

With  the  storage  temperature  of  20°  C,  the  unir- 
radiated samples  became  toxic  after  only  1  day  and 
reached  to  the  maximum  titrc  of  toxin  after  3  days. 
Both  of  the  irradiated  samples  became  toxic  after  2 
days  and  reached  to  the  same  maximum  titre  after  3 
and  4  days  at  0. 1  and  0.3  Mrads,  respectively.  Produc- 
tion of  toxin  proved  to  be  more  conspicuous  in  its  rate 
and  quantity  in  the  samples  stored  at  20°  C.  than  in 
those  stored  at  10°  C,  regardless  of  irradiation  doses. 

Discussion 

When  the  change  of  total  bacterial  counts  was 
compared  with  those  of  TVB  and  Eh,  the  relation 
between  these  indices  in  the  irradiated  samples  was 
somewhat  different  from  that  in  the  unirradiated 
samples.  With  the  unirradiated  samples,  the  bacterial 
counts  increased  in  parallel  with  the  linear  increase 


447 


TV3-X  n& 


Cay 


Figure  3.— Changes  in  TVB-N  of  irradiated  and  unirradiated 
herring  homogenates  during  storage  at  10°  or  20°  C. 


of  TVB  and  the  drop  of  Eh  value  during  early  period 
of  storage. 

On  the  contrary,  with  the  irradiated  samples, 
neither  the  changes  of  TVB  nor  of  Eh  coincided  with 
the  change  in  bacterial  counts.  The  rate  of  the  TVB 
production  was  relatively  slow,  so  that  no  linear  in- 
crease was  observed  until  the  bacterial  counts  ex- 
ceeded the  order  of  10"  per  gram  of  homogenate.  In 
addition,  these  changes  were  not  always  reflected  in 
the  potential-time  curves.  These  discrepancies  may 
have  resulted  from  the  marked  reduction  of  the 
organisms  responsible  for  development  of  volatile 
base. 

Previously,  one  of  the  authors  (2)  reported  that 
sterilized  fish  homogenates  were  found  to  be  suitable 
media  for  the  growth  of  C.  botulinum  type  E  because 
of  their  low  initial  potentials,  and  that  the  growth 
and  toxin  production  were  observed  also  in  nonsteri- 
lizcd  fish  homogenates  as  a  result  of  rapid  fall  in  Eh 
values  due  to  spoilage  occurring  during  storage. 

In  the  present  experiments,  particular  attention 
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Figure  4.— Changes  In  Eh  of  irradiated  and  unirradiated 
i  during  storage  at  10°  or  20°  C. 
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Figure  5.— Changes  in  toxicity  of  irradiated  and  unirradiated 
herring  homogenates  during  storage  at  10°  or  20°  C.  Blanc 
area,  O  Mrad;  hatched  area,  0.1  Mrad;  dotted  area,  0.3 


was  paid  to  the  following  two  points  with  regard  to 
the  Eh  involved  in  irradiation  of  fish: 

(1)  Would   aerobic   or   anaerobic   conditions  be 

brought  about  in  fish  homogenates  by  irradia- 
tion at  pasteurization  dose  of  0.1  or  0.3  Mrads? 

(2)  Would  measurements  of  Eh  potential  in  irradi- 

ated fish  serve  as  one  of  the  criteria  for  the 
growth  of  C.  botuitnum  type  K  during  storage? 


Preliminary  experiments  showed  that  irradiation 
caused  rapid  reduction  of  dissolved  oxygen  in  some 
aerobic  culture  media,  as  well  as  in  some  fish  homog- 
enates. For  examples,  when  TPG  medium,  without 
sodium  thioglycollate,  was  irradiated  at  0.3  Mrad,  the 
Eh  value  fell  rapidly  from  its  initial  value  of  0.1 1  volt 
to  a  negative  value  of  —0.25  volt,  as  shown  in  figure  6. 
This  was  probably  due  to  the  effect  of  oxygen-con- 
suming reaction  caused  by  ionizating  radiation.  The 
reducing  condition  created  by  irradiation  proved  to 
be  able  to  support  outgrowth  of  type  E  spores.  When 
the  TPG  medium,  without  sodium  thioglycollate, 
was  inoculated  with  the  spores,  irradiated  at  0.3 
Mrad,  and  incubated  at  20°  C,  gas  production  and 
turbidity  were  observed  within  46  hours,  whereas  no 
change  was  observed  in  the  unirradiated  medium 
even  after  2  weeks  of  incubation.  The  rapid  fall  of  Eh 
value  during  irradiation  was  also  demonstrated  in 
the  fish  homogenates  as  shown  in  figure  7. 


(«nirr«4. ) 


(lrr.d.) 


Figure  6.— Changes  in  Eh  of  TPG  medium  during  irradiation. 

It  is  evident  from  our  data  that  the  herring 
homogenates  which  had  received  irradiation  at  eidier 
dose,  0.1  or  0.3  Mrads,  were  found  to  show  consider- 
ably negative  levels  of  Eh  value,  so  that  the  spores  of 
C.  botuitnum  type  E  surviving  irradiation  could  grow 
sufficiently  to  produce  toxin.  Also,  unirradiated 
homogenates  showed  a  rapid  fall  of  Eh  to  value  as 
low  as  those  of  irradiated  samples,  thus  permitting 
the  growtii  and  toxin  producdon  of  C.  botuitnum  type 
E.  This  may,  however,  mainly  have  been  due  to  the 
oxygen-scavenging  activity  of  aerobic  microflora 
normally  present  in  fish.  Consequently,  there  exists 
the  possibility  of  development  of  type  E  toxin  in  fish 
during  storage,  whether  irradiated  or  not. 

Several  factors  influence  the  toxin  production  by 
C.  botuitnum  type  E  in  irradiated  fish.  Such  factors  as 
inoculation  level  of  the  spores,  irradiation  dose,  and 
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incubation  temperature  are  mainly  among  those  con- 
cerned. 

Abrahamsson  ct  al.  (1)  reported  that  the  irradiated 
(0.3  Mrad)  packs  of  herring  filet  which  were  inocu- 
lated with  the  spores  of  C.  bolulinum  type  E  at  a  level 
of  2  x  106  per  gram  of  muscle,  became  toxic  within 
64  hours  incubation  at  20°  C.  They  also  observed 
that  a  significantly  higher  concentration  of  toxin 
was  observed  in  the  vacuum-packed  than  in  the 
non-vacuum-packed  samples.  Toxin  formation  in 
vacuum-packed  and  irradiated  herring,  stored  ai 
10°  C,  was  also  reported  by  Cann  ct  al.  (3,  4), 
who  stated  that  more  toxin  was  produced  by  10*' 
spores  per  100  g.  of  fish  in  an  irradiated  sample 
than  by  a  comparable  number  of  spores  in  an  un- 
irradiated sample,  and  that  the  rate  of  toxin  forma- 
tion in  the  former  was  about  twice  that  in  the  latter. 
Similar  results,  observed  in  our  data,  indicated  that 


higher  titre  of  toxin  was  detected  in  irradiated  than 
in  unirradiated  samples,  despite  fewer  spores  in  the 
former  than  in  the  latter,  owing  to  the  killing  effect 
of  ionizating  radiation. 

On  the  basis  of  these  observations,  it  seems  more 
likely  that  irradiation  at  a  pasteurization  dose 
enhances  the  trend  of  the  toxin  production  of  C 
botulinum  type  E  in  herring,  at  least  under  certain 
conditions.  An  anaerobic  circumstance  created  by 
irradiation  is  likely  to  be  one  of  the  causes  of  such 
enhancement,  but  there  seem  to  be  other  reasons 
still  unknown.  Further  experiments  will  be  carried 
out  to  know  whether  the  same  results  can  be  obtained 
even  in  species  of  fish  other  than  herring. 
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OUTGROWTH  OF  CLOSTRIDIUM  BOTULINUM  TYPE  E 
IN  RADIATION-PASTEURIZED  FISH 


by  J.  T.  Graikoski 

U.S.  Bureau  of  Commercial  Fisheries,  Arm  Arbor,  Mich.  48107 


Introduction 

The  proper  evaluation  of  the  potential  botulinum 
hazard  in  foods,  is  to  study  the  growth  characteristics 
and  toxin  producing  ability  of  the  organisms  in  the 
particular  food  under  question,  and  under  the  spe- 
cific conditions  of  processing.  In  case  of  the  radiation 
process  currently  under  study  to  extend  the  storage 
life  of  fish  at  refrigeration  temperatures,  consideration 
must  be  given  to  Clostridium  botulinum  type  E;  the 
type  commonly  associated  with  fish  and  seafoods.  Of 
primary  importance  b  the  ability  of  type  E  to  grow 
and  produce  toxin  at  lower  temperatures  of  incuba- 
tion than  types  A  and  B  (/,  2,  3,  4). 

Low  doses  of  ionizing  radiation,  in  the  0  to  300 
kilorad  range,  have  been  shown  to  be  effective  in 
prolonging  the  storage  life  of  fresh  fish  twofold  to 
threefold  when  subsequently  held  at  refrigeration 
temperatures.  The  effectiveness  of  the  radiation  treat- 
ment in  prolonging  the  storage  life  of  fish  is  to  de- 
crease the  number  of  micro-organisms  on  the  fish 
which  are  primarily  responsible  for  spoilage. 

The  irradiation  doses  employed  for  pasteurization 
not  only  reduces  the  number  of  micro-organisms,  but 
is  also  selective,  in  that  the  most  predominant  bacte- 
rial species  causing  fish  spoilage  {Pseudomonas  sp.)  are 
essentially  eliminated  because  of  their  greater  degree 
of  sensitivity  to  irradiation.  The  result  is  a  change  in 
the  typical  spoilage  pattern  of  irradiated  fish.  It  has 
been  long  recognized  that  the  potential  botulism 
hazard  in  foods  can  be  enhanced  by  an  alteration  of 
the  so-called  "normal  spoilage  pattern"  of  a  particular 
food.  The  amount  of  irradiation  treatment  proposed 
for  pasteurization  of  fresh  fish  is  not  effective  in  de- 
stroying type  E  spores.  The  problem,  therefore,  is  to 
determine  the  outgrowth  of  the  botulinum  spores  and 
toxin  production  in  various  fish  species,  in  order  to 
assess  the  safety  of  the  fish  when  held  at  refrigeration 
temperatures. 

The  following  presentation  will  be  concerned  with 
growth  and  toxin  production  of  several  type  E  strains 
in  fish  fillets  and  a  fish  substrate. 

Materials  and  Methods 

In  the  first  experiment,  the  rate  of  growth  and 
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toxin  development  in  haddock  homogenates  by  six 
strains  of  C.  botulinum  type  E  at  seven  incubation 
temperatures  between  0°  to  37°  C.  was  studied. 

The  haddock  homogenate  was  prepared  by  blend- 
ing one  part  of  frozen  Atlantic  haddock  fillets  with 
two  parts  of  distilled  water  in  a  Sorvall  Omni-Mixer. 
Part  of  the  tissue  pulp  was  dispensed  into  20  x  150 
mm.  (25  ml.)  screw  cap  tubes  and  then  filled  with 
filtrate.  The  tubes  were  immediately  sterilized  with  3 
mcgarads  of  gamma  radiation.  The  pH  of  the  haddock 
homogenate  was  7.2. 

The  six  type  E  strains  used  in  this  study  were: 
Vancouver,  Seattle  Forks,  Beluga,  E-74,  Nanaimo, 
and  Iwanai.  Spores  of  the  organisms  to  be  used  for 
inocula  were  grown  in  trypticase-peptone-glucosc 
(TPG)  broth  at  33°  C.  for  36  hours.  The  spores  were 
washed  six  times  in  cold  distilled  water  and  stored  in 
distilled  water  under  refrigeration. 

For  inoculation  of  the  culture  tubes,  an  aliquot  of 
the  stock  suspension  was  heated  and  detoxified  at  65° 
C.  for  15  minutes.  The  suspension  was  diluted  in 
sterile  distilled  water  to  produce  a  final  concentration 
of  10a  spores  per  milliliter.  One  milliliter  of  the  spore 
suspension  was  used  to  inoculate  tubes  of  haddock 
homogenates.  Immediately  after  inoculation,  all  tubes 
were  layered  with  3  percent  agar  containing  0.4  per- 
cent sodium  thioglycollatc.  During  the  procedure  of 
inoculation,  all  tubes  were  kept  cold  in  an  ice  water 
bath.  The  culture  tubes  were  incubated  at  the  follow- 
ing temperatures:  37.5°,  33.0°,  18.0°,  8.3°,  5.4°,  3.3°, 
0.0°,  and  ±0.5°  C. 

Growth  was  ascertained  by  the  observation  of  gas 
bubbles  collecting  beneath  the  agar  layers,  by  the 
development  of  off-odors,  and  by  clearance  of  the 
opalescence  of  the  homogenates.  Confirmation  of 
growth  was  established  by  the  presence  of  toxin. 
Samples  which  gave  low  or  no  toxin  titres  on  the 
initial  assay  were  treated  with  0.1  percent  trypsin  at 
37°  C.  for  1  hour  at  pH  5.8  to  6.0  and  again  tested 
for  toxin  in  mice. 

In  the  second  experiment,  the  objective  was  to 
determine  outgrowth  of  type  E  in  radiation  pasteur- 
ized Atlantic  cod  fillets.  The  Beluga  type  E  strain 
was  employed  in  this  study.  The  preparation  of  spore 
suspension  used  as  inocula  was  described  in  the  first 
experiment. 
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For  irradiation,  portions  of  three  individual  cod 
i  fillets  were  contained  in  a  small  cylindrical  carton. 
The  middle  fillet  was  inoculated  with  0. 1  ml.  of  the 
spore  suspension  of  the  desired  concentration.  Spore 
concentrations  employed  were  106,  104,  and  102  per 
gram  of  fish. 

After  inoculation,  samples  were  immediately  ir- 
radiated at  ice  temperature.  For  irradiation,  a  cobalt- 
60  source  was  employed.  For  these  experiments  the 
fish  received  a  total  dose  of  100  and  200  kilorads  at  a 
dose  rate  of  50,000  rads  per  hour. 

After  irradiation,  samples  were  placed  in  storage  at 
the  desired  temperatures.  The  temperatures  of  storage 
employed  in  the  experiment  were  10°,  7°,  and  3°  C. 

Outgrowth  of  the  spores  in  the  fillets  during  storage 
was  determined  by  testing  three  inoculated  fillets  for 
toxin.  Samplings  were  performed  at  3-  or  4-day  in- 
tervals for  samples  stored  at  10°  C.  and  at  weekly 
intervals  for  those  stored  at  7°  and  3°  C.  An  1  =  1 
extract  was  prepared  with  sterile  phosphate  buffer 
from  the  fillets  to  be  tested  for  the  presence  of  toxin. 
After  centrifugauon,  0.3  ml.  of  the  supernatant  was 
injected  into  each  of  three  mice.  Supernatants  negative 
for  toxicity  were  treated  with  0.2  percent  trypsin  at 
37°  C.  for  1  hour.  Samples  which  did  give  question- 
able botulism  symptoms  in  mice  were  neutralized 
with  type  E  antitoxin  to  confirm  the  presence  of 
toxin. 

Results 

The  results  of  the  growth  experiment  in  haddock 
homogenates  is  presented  in  table  1.  At  the  incuba- 
tion temperatures  of  37.5°  and  33°  C,  cultures  devel- 
oped gas  readily  within  2  days,  and  3  to  4  days  at 
19°  C.  All  of  the  strains,  with  the  exception  of  the 
Iwanai  strain,  produced  cultures  at  8.3°  C.  within  9 
to  12  days.  Gas  bubbles  were  observed  in  the  Iwanai 
cultures  at  38  days  of  incubation  at  this  temperature. 
Two  strains,  Iwanai  and  Vancouver  herring,  did  not 

Table  1.— Time  for  gas  formation  by  C  botuUnum 


Days  for  gas  formation— 
Incubation  temperatures 


Type  E 
strain 

37.5 

•c. 

33.0 

•a 

18.0 

°C. 

8.3 
°C. 

5.4°  C. 

3.3°  C. 

0°  C. 

Nanaimo  

2 

3 

10 

12 

>290 

>290 

Vancouver 

herring  

2 

2 

3 

12 

>290 

>290 

>290 

Forks  

2 

2 

4 

12 

15 

>290 

>290 

Beluga  

2 

2 

.! 

10 

15 

>290 

>290 

Iwanai  

2 

2 

3 

38 

>290 

>290 

>290 

E-74  

2 

2 

3 

9 

11 

'12 

>290 

'1  tube  out  of  4  contained  *u  bubbles. 


develop  gas  in  haddock  homogenates  after  290  days 
of  incubation  at  5.4°  C;  the  other  four  strains  devel- 
oped gas  within  15  days  at  this  incubation  tempera- 
ture. At  3.3°  C,  no  gas  formation  was  observed  in 
any  of  the  cultures,  with  one  exception;  one  out  of 
four  tubes  of  homogenate  inoculated  with  spores  of 
the  E-74  strain  contained  definite  gas  bubbles.  At  0° 
C,  no  gas  formation  was  evident  in  any  of  the  tubes 
after  290  days  of  incubation,  at  which  time  the 
experiment  was  terminated. 

The  results  of  the  toxin  assays  performed  on  the 
cultures  developed  in  haddock  homogenates  are  sum- 
marized in  figure  1.  Except  with  strain  E-74,  no 
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Temperature  of  Incubation 


Figure  1.— Toxin  titres  for  six  strains  of  C.  botuKnum  type 
E  cultures  developed  in  haddock  homogenates  at  various 
temperatures. 

toxin  was  detected  in  the  haddock  homogenates  after 
2  days  of  incubation  at  37.5°  C.  Maximum  titres  of 
toxin  occurred  at  18°  C,  being  of  the  order  of  200  to 
20,000  MLD's  per  milliliter  without  activation.  At  5° 
C,  low  titres  (2  MLD)  of  toxin  were  obtained  when 
checked  at  38  days  of  incubation.  The  titres  were 
increased  to  8  to  16  MLD  by  activation  with  trypsin. 
At  3.3°  C,  toxin  was  detected  in  strain  E-74  with 
activation  by  trypsin  at  38  days  of  incubation;  a  low 
titre  (4  MLD)  was  obtained.  At  0°  C,  no  toxin  was 
detected  in  the  culture  tubes  when  tested  at  80  days 
of  incubation. 

After  250  days  of  incubation  the  samples,  which 
were  incubated  at  3°  and  0"  C,  were  again  checked 
for  the  presence  of  toxin  and  viable  spores  in  the 
culture  tubes.  No  toxin,  with  or  without  trypsiniza- 
tion,  was  detected  in  any  of  the  tubes  tested.  The 
small  amount  of  toxin  detected  in  tubes  incubated  at 
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3°  C.  (after  38  days  of  incubation),  was  no  longer 
detectable  at  this  time.  When  cultures  which  had 
been  incubated  at  3°  and  0°  C.  for  250  days  were 
transferred  to  33°  C,  growth  with  toxin  formation 
readily  occurred  within  48  hours,  showing  that  the 
spores  of  the  various  strains  remained  viable  in  the 
haddock  homogenates  during  this  period  of  incuba- 
tion. 

The  toxicity  results  of  the  two  experiments  with 
Atiantic  cod  are  presented  in  tables  2  and  3.  The 
results  are  expressed  as  number  of  fish  containing 
toxin  per  number  of  fillets  tested. 

In  the  first  experiment  (table  2— fillets  inoculated 
with  106  spores),  results  show  that  toxin  was  detected 
in  the  irradiated  fillets  both  at  the  100  and  200  kilorad 
levels  within  5  days  at  the  10°  C.  storage  temperature. 


At  the  7°  C.  storage  temperature,  toxin  was  detected 
only  in  the  sample  irradiated  to  200  kilorads  and  at 
the  1 5th  day  of  storage.  Also,  at  26  days  of  incubation, 
toxin  was  detected  in  two  out  of  three  fillets  in  the 
nonirradiated  control  at  the  7°  C.  storage  tempera- 
ture. No  toxin  was  detected  in  any  of  the  samples 
stored  at  3°  C.  up  to  34  days  of  storage  in  this 
experiment. 

The  second  experiment  (table  3)  was  designed  to 
test  the  effect  of  inoculum  size  on  toxic  outgrowth  in 
the  cod  fillets.  A  different  lot  of  fish  was  employed  in 
this  study.  At  the  storage  temperature  of  10°  C, 
toxic  outgrowth  occurred  at  the  106  spore  inoculum 
level  in  10  days,  and  within  17  days  at  the  102  spore 
level  for  the  nonirradiated  samples.  None  of  the  fillets 
became  toxic  at  the  10*  spore  level.  No  explanation 


Table  2.-Toxta 

ity  date  f 

or  Irradiated  and 

nonirrad 

iated  cod  fillets  inoculated  with  spoi 

re*  of  C. 

botulfnum  type  E  (Beluga) 

10°  C.  {50°  F.) 

7°  C.  (44.6°  F.) 

3°  C.  (37.4°  F.) 

Kilorad 

Kilorad 

Kilorad 

Storage  time 
(day.) 

0 

100 

200 

0 

100  200 

0 

100  200 

5  

*0/3 
0/3 
0/3 

3/3 
3/3 
3/3 

3/3 
3/3 
3/3 

8  

12  

0/3 

0/3  0/3 

0/3 

0/3  0/3 

15  

0/3 
0/3 
2/3 

0/3  1/3 
0/3  3/3 
0/3  1/3 

0/3 
0/3 

0/3  0/3 
0/3  0/3 

26  

28   
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could  be  made  for  this  discrepancy.  The  results  on 
the  fish  fillets,  which  received  the  irradiation  treat- 
ment (100  and  200  kilorads)  and  I0*5  spore  inoculum, 
are  similar  to  the  previous  experiment.  Toxic  out- 
growth by  the  spores  was  observed  in  3  to  6  days  at 
10°  C.  storage  in  this  experiment. 

Toxic  outgrowth  was  observed  also  in  the  irradi- 
ated fish  stored  at  10°  C.  which  had  received  a  spore 
inoculum  of  104  and  102.  There  was  a  delay  in  time 
for  toxin  appearance  in  fish  inoculated  at  the  102 
spore  level,  as  compared  to  those  inoculated  at  the 
104  spore  level.  Similarly,  a  comparison  of  toxin  ap- 
pearance at  the  106  inoculum  level  shows  a  shorter 
outgrowth  time  for  the  spores  under  these  conditions. 
This  is  logical  since  the  time  for  germination,  out- 
growth, and  subsequent  toxin  production  would  de- 
pend on  the  size  of  the  original  inoculum  injected 
into  the  fish  fillets. 

In  this  experiment,  storage  at  7°  C.  resulted  in 
only  one  fillet  containing  toxin;  this  was  in  the  nonir- 
radiated  control  after  20  days  of  storage. 

The  results  of  these  two  experiments  would  indicate 
that  outgrowth  and  toxin  production  at  7°  C.  is 
sporadic.  This  would  be  an  indication  that  this  tem- 
perature is  near  minimal  in  reference  to  outgrowth  of 
the  type  E  spores  in  the  cod  fillets  under  the  experi- 
mental conditions  employed. 

Discussion 

In  haddock  homogenates,  four  out  of  the  six  type 
E  strains  tested,  readily  produced  gas  at  5.4°  C.  with- 
in 2  weeks.  The  Vancouver  herring  and  Iwanai  strains 
did  not  grow  out  at  this  temperature.  The  cultures 
which  were  produced  at  5.4°  C.  contained  low  levels 
of  toxin.  At  3.3°  C,  only  one  tube  out  of  four  inocu- 
lated with  the  E-74  strain  showed  definite  gas  pro- 
duction. After  trypsinization,  toxin  was  detected  in 
these  cultures.  An  incubation  temperature  of  3°  C. 
would  be  minimal  for  outgrowth  of  spores  from  the 
E-74  strain  as  determined  from  the  results  of  this 
study.  For  the  other  strains,  a  temperature  between 
3°  and  5°  C.  would  be  the  limiting  growth  tempera- 
ture. 

In  cod  fillets,  outgrowth  of  the  spore  was  variable 
at  7°  C,  which  would  indicate  that  this  is  near  the 
limiting  temperature  for  type  E  outgrowth  under  the 
conditions  of  the  experiment.  The  results  on  out- 
growth of  type  E  obtained  in  fish  homogenates  is 


similar  to  that  observed  in  fillets  in  this  study.  There- 
fore, use  of  fish  homogenates  would  be  of  some  prac- 
tical advantage  in  additional  studies  of  this  type. 

Estimates  of  spoilage  by  odor  evaluation  of  the  cod 
fillets  stored  at  10°  C.  in  the  two  experiments,  would 
indicate  that  toxin  formation  could  possibly  occur  at 
the  high  spore  inoculum  level  before  the  fish  were 
rejected  as  spoiled.  At  the  7°  C.  storage  tempera- 
ture, fish  were  generally  considered  spoiled  before 
toxin  was  detected.  In  the  sample  at  7°  C.,  where  fish 
fillets  received  10°  spores  and  200  kilorad  radiation 
treatment,  the  fish  contained  toxin  and  were  consid- 
ered on  the  borderline  of  spoilage.  At  3°  C,  no  toxin 
was  detected  before  definite  spoilage  occurred. 

From  a  practical  consideration,  the  employment  of 
large  spore  inocula  in  assessing  the  potential  hazard 
of  radiation  processed  fish  may  be  unrealistic.  How- 
ever, until  some  practical  estimation  of  incidence  of 
the  botulinum  organism  is  obtained  on  fish  as  natural 
contaminants,  outgrowth  studies  employing  various 
spore  concentrations  need  to  be  employed. 

Although  much  emphasis  has  been  placed  on  type 
E  in  low  temperature  outgrowth  studies  in  the  evalua- 
tion of  the  radiation  process,  consideration  must  also 
be  given  to  other  types.  Nonprotcolytic  types  B  and 
F  have  been  demonstrated  in  the  commercial  fisheries 
environment  and  have  the  ability  to  grow  at  low 
temperatures  of  incubation. 
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Summary 

Three  preparations  of  different  purities  of  type  E 
botulinus  toxin  containing  toxicity  or  potential  toxic- 
ity of  about  50,000  LD.-,o  per  milliliter  were  irradia  d 
wiUi  cobalt-60  in  0.05  M  acetate  or  0.2  M  phosphate 
buffer,  pH  6.0.  The  D  values  were  about  2.1  Mrad 
for  the  cell  suspension,  about  0.21  Mrad  for  the  cell 
extract  and  about  0.04  Mrad  for  the  purified  prepara- 
tion. Tryptic  activation  did  not  change  the  radiosen- 
sitivity of  the  toxin  except  for  the  cell  suspension. 

Scrum  albumin,  casein,  deoxyribonucleic  acid  and 
ribonucleic  acid  protected  the  purified  and  activated 
toxin  against  radiation  detoxification;  sugars  or 
ascorbic  acid  showed  little  or  no  protection. 

The  same  extent  of  protection  was  afforded  by 
sulfur-containing,  aromatic  or  some  heterocyclic 
amino  acids  and  also  by  purines. 

Prcirradiation  of  amino  acid  solutions  with  7.7 
Mrad  did  not  appreciably  change  the  protecting  effect 
on  type  E  toxin,  except  for  the  irradiated  lysine  which 
was  shown  to  be  protective  in  some  experiments.  Some 
amino  acid  derivatives,  methionine  sulfoxide,  amino- 
ethyl  mercaptan,  and  cadavcrinc,  were  shown  to  be 
protective  to  different  extents. 

Introduction 

Much  work  has  been  performed  on  destruction  of 
spores  of  Clostridium  botulinum  by  ionizing  radiation 
but  only  scant  information  has  been  available  on  the 
radiosensitivity  of  botulinus  toxins.  The  present  in- 
vestigation was  directed  to  explain  why  such  a  large 
dose  as  several  megarads  (Mrad)  is  required  to  inac- 
tivate botulinus  toxins  in  foods  (3,  5,  6,  7).  Attempts 
were  made  to  analyze  the  radiation  destruction  of 
type  E  toxin  and  the  protection  afforded  by  proteins, 
nucleic  acids  and  some  related  substances. 

Materials  and  Methods 

Toxin  materials. — Three  preparations  of  type  E 
toxin  of  different  purities,  with  and  without  tryptic 
activation,  were  used:  (a)  A  suspension  of  washed 
cells  of  C.  botulinum  type  E,  strain  35396,  the  German 
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canned  sprats  strain  isolated  by  Hazen  (2);  (4)  a  cell 
extract  in  which  the  precursor  was  in  the  form  of 
ribonucleoprotein;  and  (c)  a  material  partially  puri- 
fied by  the  methods  described  elsewhere  (4).  The 
material  described  under  (c)  possessed  a  sedimenta- 
tion constant  (S2o,w)  of  approximately  1 1 .5  before 
and  after  tryptic  activation.  Each  material  was  di- 
luted in  0.05  M  acetate  or  0.2  M  phosphate  buffer, 
pH  6.0,  so  as  to  contain  approximately  50,000  mouse 
LDso/nil.  Protein  concentrations  of  the  materials 
were:  152  /ig./ml.  for  (a);  140  ng./ml.  for  (b);  and  21 
/jig. /ml.  for  (c). 

Irradiation. — Two  milliliter  samples  in  glass  dishes 
(3.1  x  1.6  cm.)  were  irradiated  from  a  260  curie  and 
later  a  550  curie  cobalt-60  source  with  a  dose  rate  of 
0.023  Mrad  per  hour  and  0.025  Mrad  per  hour, 
respectively.  All  irradiations  were  performed  in  air  at 
ambient  temperature  (4°  to  28°  C.)  and  aunospheric 
pressure. 

Titration  of  toxin  potency.— All  the  materials 
were  diluted  twofold  serially  with  0.05  M  phosphate 
buffer,  pH  6.0  containing  0.2  percent  gelatin.  Four  or 
more  mice  were  injected  intrapcritoncally  with  each 
dilution. 


Results 

Radiosensitivity  of  type  E  toxin  of  different 
purities,— The  inactivation  curves  of  type  E  toxin  of 
different  purities  at  pH  6.0  are  illustrated  in  figure  1. 
The  purer  the  material,  the  smaller  the  D  value. 
About  1.7  Mrad  was  required  to  inactivate  90  per- 
cent of  the  potential  toxicity  of  the  cell  suspension, 
about  0.21  Mrad  for  the  cell  extract,  and  only  about 
0.04  Mrad  for  the  purified  precursor. 

Tryptic  activation  of  the  cell  suspension  increased 
the  sensitivity,  but  did  not  change  the  sensitivity  of 
the  cell  extract  or  the  purified  precursor. 

Influence  of  various  substances  on  the  radiosensi- 
tivity of  the  purified  toxin. — The  small  radiation 
dosage  needed  for  inactivation  of  the  purified  pre- 
cursor or  toxin  indicated  the  possible  protection  af- 
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forded  by  various  constituents  in  the  cruder  materi- 
als. In  order  to  analyze  the  protection,  each  of  such 

i 
s 


Figure  1.— Detoxification  of  precursor  and  the  trypsin- 
activated  toxin  of  different  purities  of  C  batuimum  type 
E  by  irradiation  with  "Cot -rays. 


Adenine   500 

Guanine    500 

Uracil      .  500 

Thymine ........    500 


N0TB.-I  =»  initUI;  C  =  without  the  lubatunce;  T  »  with  the  lutetiinre. 


substances  as  proteins,  nucleic  acids,  sugars,  etc.,  at 
different  concentrations  was  added  to  a  solution  of 
trypsin-activated  toxin  and  the  mixture  irradiated 
with  0.1  Mrad.  The  toxin  potencies  were  determined 
and  compared  with  those  before  and  after  irradiation 
without  the  added  substance  (table  1). 

Scrum  albumin,  mild  casein,  yeast  ribonucleic  acid, 
and  herring-sperm  deoxyribonucleic  acid  showed  a 
marked  protection;  while  sugar  such  as  ribose,  glucose, 
sucrose  or  starch,  showed  little  or  no  protection. 

Influence  of  amino  acids,  purines  and  pyrimi- 
dineson  the  radiosensitivity  of  the  purified  toxin. — 
The  purines,  adenine  and  guanine,  at  a  concentration 
of  500  pig./ml.  showed  a  marked  protection;  whereas 
the  pyrimidincs,  uracil  and  thymine,  showed  little 
protection  (table  2). 

Each  of  19  amino  acids  at  a  final  concentration  of 
10"3  M  was  added  to  the  toxin  solution  to  test  for 
protection.  Seven  amino  acids,  histidine,  phenyl- 
alanine, tyrosine,  tryptophan,  cysteine,  cystine,  and 
methonine  showed  a  marked  protection  of  type  E 
toxin  against  radiation  detoxification;  leucine  and 
isolcucinc  a  little  protection;  and  the  other  10  amino 
acids  little  or  no  protection  (table  3). 

The  I)  value  of  the  purified  toxin  solution,  approxi- 
mately 0.04  Mrad,  increased  roughly  10  times  to  0.35 
Mrad  by  adding  albumin  at  600  jug. /ml.  or  cysteine  at 
1.3  x  10  a  M  (fig.  2).  The  concentration  oi  cysteine 
corresponded  to  4  times  that  of  cysteine-cystine  resi- 
dues in  the  albumin  solution. 


!  II  I 


34,400  20-40  14,200-25,800 

47,800  40  12,000 

34.400  20  368 

34,400  40  970 


Table  1.— Protection  of  type  E  botulinus  toxin  (21  pg./ml.,  pH  6.0)  against  detoxification  by  0.1  Mrad  of  -,-ray 


LDjo/inl. 

Concentration 


Substance  (mg./ml.)  I  C  T 


Albumin   2.4  25,800-55,000  10-l.UIO  10,200-32,4 

Casein.    2.4  32,700-55,000  10-1,810  41,400-68,2 

RNA  ....  1.0  34,400-4<i,(JO0  <  10-20  0,960-12,1 

DNA   1.0  34,400-46,000  <  10-10  12,600-14.2 

Glucose   1.0  HI, IKK)  29  1,080 

Ribose..   1.0  81,900  2'.)  1,520 

Sucrose                                     ...  1.0  HI .900  29  1128 

Starch     1.0  81,900  29  20 


Note.  -  I  -  initial:  C  -  without  the  subataner;  T  =  with  th*  •ubntann. 

Table  2.— Protection  of  type  E  botulinus  toxin  (21  ^g./ml.,  pH  6.0)  against  detoxification  by  0.1  Mrad  of  ->-ray 


LDM/rnl. 

Concentration 

Subitance  (Kg. /ml.)  I  C  T 
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prcirradiatcd  with  a  dose  of  7.7  Mrad.  One  volume 
of  each  irradiated  amino  acid  solution  was  added  to 
nine  volumes  of  the  toxin  solution  and  the  mixture 
was  tested  for  protection  in  the  same  way.  As  table  4 
shows,  the  irradiated  histidine,  phenylalanine,  cysteine 
and  methionine  showed  a  similar  protection  as  the 
corresponding  nontreated  amino  acids;  the  other 
seven  amino  acids  which  had  been  shown  to  be  non- 
protective  were  of  little  or  no  effect.  The  irradiated 
lysine  manifested  an  appreciable  protection  in  some 
experiments,  but  no  protection  in  other  experiments. 

Paper  chromatography  of  the  7.7  Mrad-irradiated 
methionine  yielded  a  spot  identical  with  methionine 
sulfoxide.  A  sample  of  methionine  sulfoxide  showed  a 
little  protection  at  a  concentration  of  1  x  10"3  M; 
but  at  5  x  10"3  M  the  protection  corresponded  to 
that  afforded  by  1  x  10"3  M  methionine.  Aminoethyl 
mcrcaptan  afforded  the  protection  of  the  same  extent 
as  equimolar  cystine.  It  is  of  interest  that  cadavcrine, 
a  decarboxylated  product  of  lysine,  showed  a  stronger 
protection  than  lysine. 

A  numerical  expression  of  the  protection  by 
different  substances.— Table  5  summarizes  the  pro- 
tection by  various  substances  tested.  The  protection 
by  albumin  and  casein  at  a  concentration  of  2.4 
mg./ml.  was  18.6  to  214  percent.  The  percent  protec- 
tion by  casein  was  always  larger  than  that  by  albumin 
and  sometimes  larger  than  100  percent.  This  fact 
suggests  that  the  irradiation  with  a  dose  of  0.1  Mrad 
in  the  presence  of  casein  potentiated  the  toxicity. 

Protein  molecules  were  not  indispensable  for  the 
protection,  and  certain  amino  acids  substituted  for 
the  proteins.  The  protection  by  the  seven  amino  acids, 
histidine,  phenylalanine,  tyrosine,  tryptophan,  cys- 
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*M 
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21 
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21 
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3M 
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HI 
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20-  422 
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20 

21 
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3M 
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20 

21 
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3M 
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20 
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20 
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Figure  2.— Protection  of  type  E  botullnus  toxin  (21  >>g./ml.) 
by  albumin  (600  m./ml.)  or  cysteine  (1.3  x  10-3M)  against 
yray  irradiation. 


Influence  of  preirradiated  amino  acids  and  some 
amino  acid  derivatives  upon  radiosensitivity  of 
the  purified  toxin. — Aqueous  solutions  of  some 
amino  acids  at  a  concentration  of  1  x  10" 2  M  were 


BOTULISM  457 

4.— Protection  of  type  E  botulinus  toxin  (21  /ig./ntl.,  pH  6.0)  with  7.7  Mrad-irradiated  amino 
(10-»i(l>  and  other  related  substances  against  detoxification  by  0.1  Mrad  of  7 -ray 

LDM/ml. 


Arginine  _   I  x  10_3Af 

Histidine..  ._.  1  x  \0r\U 

Lysine   1  x  lO-'A/ 

Glutamic  acid.  -.  1  x  lO~iM 

Phenylalanine   1  x  10"sAf 

Oxyproline   1  x  \0~*M 

Cysteine  --  1  x  10-»A/ 

Methionine   1  x  IQ~*M 

Serine   1  x  10"aA/ 

Threonine    1  x  10~'M 

Glycine    1  x  10"3A/ 

Methionine  sulphoxidc  -  5  x  10~3A/ 

Ammocthyl  mercaptan.  1.4x10"' A/ 

Cadaverine  -  I  x  IQ~*M 


56,400 
67,500 

55,000-67,500 

56,400 

81,900 

56,400 

67,500 

53,000 

56,400 

56,400 

56,400 

56,400 

34,400 

34,400-47,800 


26 
2,560 
< 10-23 
26 
107 
20 
2,560 
422 
20 
20 
26 
20 
254 
40 


5,120 


1,640 
32,400 
506- 
226 
35,400 
160 
32,400 
16,200 
454 
80 
80 
17,200 
15,500 

4,560-10,100 


Note. — I  -  initial;  C  -  without  the  substance;  T  -  with  the  substance. 


Table  5.— Protection  of  type  E  botulinus  toxin 
(21  ng./ml.,  pH  6.0)  against  detoxification 
by  0.1  Mrad  of  ->-ray 


Protector  Concentration  Percent  protection1 


Albumin   2.4  mg./ml....  18.6-99.0 

Casein   2.4  mg./ml   75.3-214 

RNA   1.0  mg./ml...-  20.2-26.3 

DNA   1.0  mg./ml....  27.4-41.2 

Ribose,  glucose, 

sucrose,  starch  1.0  mg./ml   —0.52-  1.82 

Histidinc  -  10"' M   24.6-40.7 

Phenylalanine  IO"*Af  -  10.4-29.5 

Tyrosine   10"' A/   30.6 

Tryptophan   10"'Af   28.2 

Cysteine   10'3A/   29.2-84.9 

Cystine   10"8Af   28.2 

Methionine   10"' A/   31.7-44.0 

Other  amino  acids          I0"3A/   0.0-3.9 

Adenine,  guanine  .  0.5  mg./ml.   25.0-75.0 

Uracil,  thymine  0.5  mg./ml   1.0-  2.7 

Methionine  sulphoxide.  5  x  I0~JA/   30.5 

Aminoethyl  mercaptan.  1 .4  x  10"3A/...  44.7 

Cadaverine   10"aM   13.2-21.1 

Ascorbic  acid   10  mg./ml....  -0.7 — 0.72 


■Percent  protection  -  C  -  T/C  x  100  where  C  and  T  are  the  percent  de- 
croua  in  I  .Dm /ml.  in  the  absence  and  presence  of  tho  proteetiTe  agent. 


teine,  cystine,  and  methionine,  ranged  from  10.4  to 
84.9  percent;  while  that  by  the  other  12  amino  acids 
ranged  from  0.0  to  3.9  percent.  This  difference  ap- 
pears to  be  significant. 

Free  purines,  but  not  pyrimidines,  substituted  for 
ribonucleic  acid  and  deoxyribonucleic  acid  in  protect- 
ing type  E  toxin.  The  protection  by  sugars  ranged 
from  —0.52  to  1.82  percent  thus  being  insignificant. 

Methionine  sulfoxide,  amino-ethyl  mercaptan  and 
cadaverine  showed  protection  of  30.5,  44.7,  and  13.2 
to  21.1  percent,  respectively. 

Ascorbic  acid  at  a  concentration  of  10  mg./ml. 


gave  protection  of  —0.7  percent,  indicating  an  accel- 
erated destruction  of  toxin. 

Discussion 

The  D  values  of  botulinus  toxins  by  7-ray  radiation 
were  reported  to  be  about  1.8  to  4.2  Mrad  for  type  A 
or  B  (5)  and  2.1  Mrad  for  type  E  (5).  These  values 
were  obtained  with  crude  materials  of  toxin  or  crys- 
talline type  A  toxin  added  to  foods.  Wagcnaar,  Dack, 
and  Murrell  (6")  and  Wagenaar  and  Dack  (7)  obtained 
a  D  value  of  about  0.003  to  0.015  Mrad  for  crystalline 
type  A  toxin  in  0.05  M  phosphate  buffer,  pH  7.5.  The 
cell  suspension,  the  crudest  material  in  the  present 
investigation,  gave  a  D  value  of  about  1.7  Mrad  and 
the  purest  material  about  0.04  Mrad.  The  latter  was 
approximately  50  times  more  sensitive  than  the 
former. 

Roberts,  Ingram,  and  Skulbert  (3)  presumed  that 
the  D  value  of  botulinus  toxin  is  dependent  upon  its 
polymerization,  although  Wagenaar,  Dack  and  Mur- 
rell (6)  obtained  a  similar  range  of  D  values  for  the 
intact  crystalline  type  A  toxin  and  the  two  dissociated 
fragments  of  the  toxin.  The  precursor  and  the  trypsin- 
activatcd  toxin  used  in  the  present  experiments  had  a 
sedimentation  constant  (S20,w)  of  approximately  1 1 .5. 
Gerwing,  Dolman,  and  Ko  (/)  ascribed  the  large 
molecular  size  of  our  materials  to  the  aggregation 
formed  by  artifact  during  the  purification  steps.  We 
have  demonstrated,  however,  that  most  of  type  E 
toxin  in  "izushi"  has  the  same  sedimentation  constant 
as  the  purified  material  (Sakaguchi,  Sakaguchi,  and 
Karashimada,  to  be  published).  At  any  rate,  the  pres- 
ent results  may  indicate  that  the  resistance  of  the 
toxin  against  ionizing  radiation  is  dependent  more 
largely  on  the  properties  and  the  amount  of  con- 
comitant substances  rather  than  on  polymerization  of 
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the  toxin  molecules.  A  marked  protection  was  demon- 
strated with  proteins  and  nucleic  acids  but  not  with 
sugars.  The  proteins  were  replaceable  by  the  amino 
acids  containing  sulfur,  an  aromatic  ring  or  a  hetero- 
cyclic ring;  nucleic  acids  by  purines  but  not  by 
pyrimidines. 

In  any  case,  wc  conclude  that  type  E  botulinus 
toxin  molecule  itself  is  as  sensitive  to  7-ray  radiation 
as  type  A  toxin  molecules;  nevertheless  complete  de- 
struction of  the  toxin  in  foods  by  irradiation  cannot 
be  expected  with  practical  doses  because  of  the  protec- 
tion afforded  by  proteins,  nucleic  acids  and  some  of 
the  constituents  of  these  macromolcculcs. 

The  mechanism  of  inactivation  of  botulinus  toxin 
by  ionizing  radiation  is  still  obscure,  therefore  the 
mechanism  of  protection  could  only  be  speculated 
upon.  It  is  of  interest  to  find  whether  or  not  the 
spectrum  of  protectors  for  botulinus  toxin  aginst  ion- 
izing radiation  is  the  same  as  that  against  other  de- 
structive agents,  including  ultraviolet  light  and  heat, 
and  whether  or  not  the  same  holds  for  other  biologi- 
cally active  proteins. 
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Summary 

The  U.S.  Army's  research  program  designed  to 
obtain  data  to  support  the  microbiological  safety  of 
radappertized  meats  is  discussed.  Major  emphasis  is 
placed  on:  (1)  Selection  of  appropriate  test  strains  of 
Clostridium  botulinum  spores  as  the  microbial  index  of 
safety,  (2)  determination  of  the  most  radiation  re- 
sistant strain(s)  in  a  specific  food  by  the  screening 
inoculated  pack  studies;  and  (3)  the  clearance  inocu- 
lated pack  studies  designed  to  provide  an  experi- 
mental sterilizing  dose  (ESU)  and  data  for  the 
computation  of  a  minimal  radiation  dose  (MRD). 

Progress  in  pertinent  research  areas  is  presented: 
(1)  NaCl  decreased  the  germination  rate  of  C.  botu- 
linum 62A  spores  but  not  total  germination.  The  rate 
of  outgrowth  of  unirradiated  spores  was  decreased  by 
2.5  percent  NaCl  but  all  spores  developed  macro- 
colonies  in  the  presence  of  up  to  4.0  percent  NaCl. 
Irradiation  did  not  alter  the  normal  germination  pat- 
tern of  spores  or  enhance  the  inhibitor)'  effect  of 
NaCl  on  the  rate  of  germination.  NaCl  in  the  irradi- 
ated suspension  did  not  sensitize  spores  to  irradiation 
but  NaCl  in  the  recovery  medium  reduced  the  num- 
ber of  radiation  survivors.  (2)  The  D  value  (dose  for 
90  percent  reduction)  for  C.  botulinum  53B  spores 
increased  from  0.268  to  0.350  Mrad  and  0.4O0  Mrad 
when  the  temperature  of  irradiation  was  lowered  from 
20°  to  -80°  and  -196°  C,  respectively.  (3)  There 
was  a  slight  increase  in  radiation  survivors  of  C.  botu- 
linum 53B  spores  as  the  pressure  during  irradiation 
was  lowered  from  760  to  200  mm.  Hg.  As  the  pressure 
was  further  lowered  to  25  mm.  Hg.  there  was  a 
marked  increase  in  survivors. 

A  program  designed  to  evaluate  the  present  12D 
concept  of  microbiological  safety  of  radappcrtized 
meats  is  briefly  outlined. 

Introduction 

The  processing  of  food  with  ionizing  radiation 
(radaproccss)  results  in  a  reduction  in  the  numbers  of 
viable  bacteria  with  a  consequent  increase  in  the 
storage  life  of  food  without  refrigeration  and  in  a 

•P»pcr  read  by  H  .  M.  El-l)i«i. 


reduction  in  the  health  hazards  accompanying  the 
ingestion  of  foods  contaminated  with  disease-produc- 
ing microbes.  Based  on  the  microbiological  objective, 
radaproccssing  has  been  classified  into  three  major 
categories  {15): 

Radappertization.— The  radaproccss  destroys  all 
potential  pathogens  and  spoilage  microbes.  Foods  thus 
processed  would  be  preserved  indefinitely.  The  U.S. 
Army's  food  irradiation  program  is  presently  con- 
cerned primarily  with  the  development  of  radapper- 
tization, with  the  major  emphasis  on  meat  products. 

K.ulicidation. — The  radaprocess  destroys  all  non- 
spore-forming  microbial  pathogens. 

Kadurization. — The  radaprocess  reduces  or  elim- 
inates the  dominant  spoilage  microflora,  with  the 
consequent  increase  in  the  products'  shelf  life. 

The  Minimal  Radiation  Dose  (MRD) 

Assuming  first-order  kinetics  for  the  killing  of  bac- 
terial spores  by  ionizing  radiation,  the  minimal  radi- 
ation dose  (MRD)  is  the  dose  computed  to  effect  a 
reduction  in  a  botulinal  spore  population,  determined 
to  be  of  the  highest  radiation  resistance,  in  a  specific 
food  under  simulated  process  conditions  by  a  factor 
of  10'2.  Accepting  "D"  as  the  appropriate  death  rate 
constant  expressing  the  dose  for  decimal  reduction 
(90  percent  destruction)  in  the  index  botulinal  spore 
population,  the  MRD  has  been  conventionally  pre- 
scribed as  equivalent  to  12D  {13,  30).  We  arc  of  the 
opinion  that  such  a  concept  of  safety  (12D)  has  been 
arbitrarily  adopted  without  a  scientifically  sound 
foundation  {10).  While  we  have  complied  with  this 
MRD  standard,  wc  arc  developing  evidence  leading 
to  a  scientifically  based  safety  concept. 

Clostridium  botulinum  as  the 
Microbial  Index 

Generally,  bacterial  species  may  be  arranged  in  an 
order  of  ascending  radiation  resistance  as  follows: 
pseudomonads,  coliforms,  staphylococci  and  salmon- 
ellae,  streptococcal  species,  nonbotulinal  sporefonners, 
C.  botulinum  type  A  {34)  and  Micrococcus  radiodurans 
{1).  Of  the  common  foodborne  pathogenic  and  spoil- 
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age  micro-organisms,  C.  botulinum  spores,  types  A  and 
B  are  the  most  resistant  (12,  25,  26,  34).  Generally, 
among  the  Clostridia  C.  botulinum  type  A  spores  appear 
to  be  the  most  resistant  (5,  32).  They  are  more 
resistant  than  those  of  type  E  (12,  32)  and  are  gen- 
erally more  resistant  than  C.  sporogenes  (PA  3679) 
which  is  an  appropriate  indicator  of  safety  for  the 
production  of  thermally  processed  foods  (5,  22,  25). 
Since  C.  botulinum  spores  are  the  most  radiation  resist- 
ant among  the  bacteria  of  public  health  concern  they 
have  been  selected  as  the  microbial  index  for  deter- 
mining the  MRD  requirement  for  radappcrtized 
foods. 

To  decide  which  test  strains  of  C.  botulinum  should 
be  used  as  the  microbial  index  the  radiation  resistance 
of  102  strains  from  numerous  sources  was  determined 
(5).  Expecting  a  change  in  relative  resistances  in  dif- 
ferent foods  we  selected  from  the  102  surveyed  strains 
10  representative  cultures— five  of  the  highest  (33A, 
36A,  40B,  4 IB,  and  53B),  four  of  the  intermediate 
(62A,  77A,  12885A,  and  9B),  and  one  of  the  lowest 
(5 IB)  relative  radiation  resistant  groups  (table  1). 
These  10  strains  have  been  used  in  obtaining  the 
specific  microbiological  data  for  computing  the  MRD 
of  each  prototype  irradiated  food. 

Table  1.— Comparative  radiation  resistance  of 
representative  strains  of  C.  botulinum  types  A  and  B' 


Mean  D  value 


Type  Strain  Number  (Mrad) 


A   33  0.334 

A   36  .336 

B     40  .317 

B    41  .318 

B...   53  .329 

A   62  .224 

A   77  .253 

A                                  2 1 2885  .241 

B   9  .227 

B    51  .129 


•Spore*  suspended  in  0.067  M  phosphate  buffer  (pH  7)  were  heated  at 
80*  C.  for  10  min..  and  diluted  with  chilled  buffer  to  10>  spores  per 
milliliter.  1-ml.  amounts  of  the  sua  pension  were  distributed  into  sterile  10  x 
75  mm.  pyrex  tubus  which  were  stoppered  with  sterile  cotton  plugs.  10 
replicate  tubes  were  inserted  in  a  polystyrene  holder  contained  In  a  No.  2 
can.  The  cans  were  scaled  in  the  presence  of  nitrogen  and  irradiated  at 
successive  dosas  of  0.1  Mrad  from  0  to  2.0  Mrad  at  the  High  Level  Gamma 
Irradiation  Facility  of  the  Argonne  National  Laboratory.  To  detect 
surviving  spores  doublewitrenglh  Wynne's  medium  (JS)  without  the  agar 
was  added  to  each  tube,  and,  after  scaling  in  an  oxygas  flame,  the  tubes 
were  incubated  at  30"  C.  for  6  weeks.  Survivors  and  D  values  were 
determined  as  described  by  Anellls  et  al.  (J). 

'Toxigenic  variant. 

Specific  Microbiological  Evidence 

The  screening  inoculated  pack  study.— The  inoc- 
ulated pack  studies  were  designed  to  select  the  bolu- 
linal  spore  population  of  the  greatest  radiation  resist- 
ance in  a  specific  food  product.  For  each  inoculated 


pack  study,  the  comparative  radiation  resistance  of 
the  10  selected  cultures  was  determined  in  the  proto- 
type food  under  simulated  process  conditions.  The 
food  was  given  a  mild  heat  treatment  (bringing  the 
internal  temperature  up  to  a  minimum  of  70°  to  80° 
C.)  prior  to  inoculation  and  radiation.  The  heat  treat- 
ment which  was  primarily  intended  to  inactivate  the 
indigenous  food  enzymes,  thus  preventing  autolysis 
during  prolonged  postirradiation  storage  without 
refrigeration,  also  had  the  function  of  destroying  food 
contaminants  such  as  viruses  and  nonsporogenic  bac- 
teria; e.g.,  Micrococcus  radiodurans  (unpublished  data 
from  our  laboratory,  and  the  Food  Protection  Labora- 
tories of  die  National  Center  of  Urban  and  Indus- 
trial Health,  Cincinnati,  Ohio).  This  screening  pack 
consisted  of  20  inoculated  (106  spores  per  can)  repli- 
cate cans  per  radiation  dose.  The  inoculated  cans 
were  irradiated  with  doses  from  0  to  4.0  Mrad,  or 
higher,  in  increasing  steps  of  cither  0.25  or  0.5  Mrad, 
in  order  to  provide  partial  spoilage  data,  an  experi- 
mental sterilizing  dose  (ESD)  and  data  for  computing 
an  MRD.  The  irradiated  pack  was  then  incubated  at 
30°  C.  for  3  months;  the  cans  were  observed  for 
swelling  at  weekly  periods  for  the  first  month,  and 
monthly  thereafter.  At  the  end  of  the  incubation  peri- 
od, cans  were  opened  and  examined  for  botulinal 
toxin  and  viable  C.  botulinum  as  described  elsewhere 
(2).  The  examination  of  cans  for  toxic  spoilage  and 
viable  C.  botulinum  began  at  the  highest  dose  yielding 
100  percent  swollen  cans  and  included  all  swollen 
and  flat  cans  at  all  higher  doses.  Radiadon  D  values, 
the  index  of  resistance,  were  computed  for  each  of 
the  10  strains  for  the  three  criteria  of  spoilage:  swell- 
ing, toxicity,  and  viable  C.  botulinum.  The  strain(s) 
exhibiting  the  highest  radiation  resistance  in  the  spe- 
cific food  product  was  then  used  for  the  final  clearance 
pack  study. 

The  clearance  inoculated  pack  study.— An  ex- 
tensive study  of  the  resistance  of  the  selected  strain(s) 
was  then  undertaken  to  determine  the  ESD  and  to 
provide  data  for  the  computation  of  the  MRD  for 
the  prototype  product  and  process  in  question.  Such 
a  study  comprised  the  use  of  100  replicate  inoculated 
(106  spores  per  can)  cans  per  dose  with  the  doses 
increasing  in  0.5  Mrad  increments.  The  dose  range 
selected  was  dependent  upon  the  outcome  of  the 
screening  pack  partial  spoilage  data,  the  ESD  and 
the  computed  MRD  for  the  most  resistant  strain(s). 
The  irradiated  cans  were  incubated  at  30°  C.  for  6 
months  and  examined  as  in  the  preliminary  screening 
pack.  Again,  D  values  were  calculated  from  the  partial 
spoilage  data  and  converted  to  an  MRD. 

We  have  recently  published  the  detailed  experi- 
mental evidence  for  the  radappcrdzation  of  bacon 
(4)  and  of  ham  (2).  We  have  also  submitted  a  paper 
for  publication  dealing  with  statistical  methods  avail- 
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able  for  the  computation  of  the  MRD  (7).  We  are 
dissatisfied  with  the  Schmidt-Nank  conventional 
method  (31)  since  it  has  given  us  questionable  results 
in  our  inoculated  pack  studies. 

Current  research  objectives  and  progress. — Three 
major  objectives  motivated  our  current  research  ac- 
Uvities: 

(1)  Establish  conditions  that  would  reduce  the 
inherent  radiation  resistance  of  C.  botulinurn 
spores  or  abort  their  postradiation  toxigenic 
activities  in  the  product. 

(2)  Investigate  conditions  which  would  result  in 
an  irradiated  product  of  good  organoleptic 
quality  with  retention  of  a  high  rate  of  de- 
struction of  C.  botulinurn  spores. 

(3)  Establish  a  sound  safety  concept  for  radappcr- 
tized  foods. 

We  shall  summarize  our  progress  to  date  toward 
these  major  objectives. 

The  MRD  is  currently  computed  on  the  basis  of 
spore  survival  regardless  of  their  incapability  to  out- 
grow or  intoxicate  the  product.  Meat  products  have 
provided  a  differential  of  0.5  to  1.5  Mrad  between 
the  MRD  for  swelling  or  toxicity  and  that  for  survival. 
In  thermally  processed  cured  meats  the  consumer 
experience  of  over  40  years  justified  the  acceptance  of 
a  markedly  underproccssed  product,  of  the  order  of 
F0  of  0. 1  to  0.5  instead  of  the  standard  botulinal  cook 
of  F0  of  2.78  (17).  In  the  absence  of  such  experience 
in  the  case  of  radappertized  cured  meat  it  is  obligatory 
to  establish  the  laboratory  evidence  that  may  justify 
an  analogous  reduction  in  dose.  We  have,  therefore, 
geared  our  research  effort  over  the  past  2  years  toward 
the  acquisition  of  such  evidence. 

There  is  considerable  evidence  for  the  suppressive 
properties  of  curing  salts  in  irradiated  meats  for  spores 
of  C.  botulinurn  (2,  17,  23).  Without  curing  ingredients 
doses  as  high  as  3.0  Mrad  were  ineffective  in  pre- 
venting cans  of  ground  round  steak  inoculated  with 
C.  botulinurn  spores  (10°/g.J  from  undergoing  spoilage 
(23).  Unirradiated  cans  of  round  steak  with  2.5  per- 
cent NaCl  and  1,000  p.p.m.  NaN03  also  underwent 
spoilage;  similar  cans  irradiated  with  a  dose  of  2.0 
Mrad  did  not  spoil.  Nitrite  was  not  as  effective  as 
nitrate  because  when  nitrite  (200  p.p.m.)  was  substi- 
tuted for  nitrate  (1,000  p.p.m.)  the  product  required 
a  dose  of  2.5  Mrad  rather  than  2.0  Mrad  to  prevent 
spoilage.  Spoilage  data  (17)  indicated  that  the  radia- 
tion resistance  of  C.  botulinurn  spores  in  cured  ham 
was  considerably  below  that  reported  for  uncured 
meats.  Also,  it  has  been  observed  that  spores  of  C. 
botulinurn  (33A,  36A,  12885A,  9B,  41 B,  and  53B)  ir- 
radiated in  mildly  heated  cured  bacon  exhibited 
smaller  D  values  (4)  than  when  irradiated  in  phos- 
phate buffer,  pH  7.0  (.'J).  None  of  these  studies  deter- 
mined whether  the  curing  ingredients  sensitized  the 


C.  botulinurn  spores  to  irradiation  or  whether  the  sur- 
viving spores  were  unable  to  undergo  germination 
and /or  postgerminative  development  in  their  pres- 
ence. The  radiation  resistance  of  C.  sporogenes  and  C. 
oedematiens  type  C  spores  in  aqueous  suspension  was  un- 
affected by  the  presence  of  NaCl  (3  and6percentw./v.) 
during  irradiation  (28).  However,  radiation  survivors 
were  more  sensitive  to  NaCl  in  the  recovery  medium 
than  were  uniradiated  spores.  An  important  factor 
in  the  stability  of  an  irradiated  cured  product  may 
be  radiation  injury  of  the  spores  (17).  Sublethal  injury 
of  spores  by  heat  treatment  was  shown  to  be  an  im- 
portant component  of  the  stability  system  of  canned 
comminuted  cured  meats  (33). 

A  model  system  was  developed  in  our  laboratories 
which  would  enable  us  to  determine  the  effect  of 
curing  salts  and  irradiation  on  the  germination  and 
postgerminative  development  of  C.  botulinurn  62A 
spores  (29). 

Materials  and  Methods 

Spore  preparation.— Spores  of  C.  botulinurn  62A 
were  produced  at  37°  C.  in  a  medium  (pH  7.5) 
containing  5  percent  trypticase  (BBL),  0.5  percent 
peptone  (BBL),  0.5  percent  yeast  extract  (BBL),  and 
0.125  percent  K.2HPO4.  A  vegetative-cell  inoculum 
was  used  (6).  After  harvesting,  the  spores  were  cleaned 
by  centrifugation  and  by  the  lysozyme-trypsin  enzyme 
treatment  described  by  Anellis  and  Rowley  (6). 
Spores,  freed  of  vegetative  debris,  were  resuspended 
in  distilled  water  (2.6  x  107  ml.)  and  stored  at  4°  C. 

Medium  for  germination  and  postgerminative 
development.— The  medium  used  for  studies  of 
germinative  and  postgerminative  development  (model 
system)  contained  3  percent  thiotone  (BBL),  0.1  per- 
cent sodium  bicarbonate  and  0.05  percent  sodium 
ihioglycollate.  This  medium  was  buffered  at  pH  7.0, 
with  0.1  M  TES  [N-tris  (hydroxyinethyl)-mcthyl- 
2-amiuocthancsulfonic  acid.]  (14)  and  contained  0.07 
percent  NaCl.  The  filter-sterilized  medium  minus 
sodium  bicarbonate  was  added  to  standardized  color- 
imeter tubes  and  steamed  for  20  minutes  to  remove 
oxygen.  Sodium  bicarbonate  was  added  to  the  me- 
dium at  37°  C,  followed  by  spores  previously  heat- 
shocked  at  K0°  C.  for  10  minutes  in  an  aqueous 
suspension.  The  tubes  containing  a  final  volume  of 
10  ml.  (7  x  10"  spores/ml.)  were  plugged  with  serum 
stoppers  and  the  head  space  flushed  with  purified 
nitrogen  (99.997  percent)  for  2  minutes. 

Estimation  of  germination.— The  germination  of 
62A  spores  was  estimated  by  measuring  the  percentage 
of  spores  staining  with  0.5  percent  aqueous  methylene 
blue  and  by  measuring  the  loss  in  optical  density  of 
spore  suspensions  (Klett-Suinmcrson  colorimeter,  No. 
62  filter). 
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Exposure  to  radiation.— Suspensions  (1.5-2.0  ml.) 
of  C.  botulinum  spores  were  exposed  to  gamma  radia- 
tion from  the  U.S.  Army  Natick  Laboratories  1.0 
Mc60  Co  source,  which  emitted  39  Krads  per  minute. 
The  temperature  of  irradiation  was  controlled  widi 
liquid  Na. 

Recovery.— After  irradiation,  the  spore  suspen- 
sions were  diluted  with  distilled  water.  Colony  counts 
were  made  in  1 2  x  200  mm.  tubes  with  thiotone  agar 
with  or  without  NaCl:  3.0  percent  BBL  thiotone, 
0.05  percent  sodium  thioglycolate,  0.85  percent 
Oxoid  ionagar  No.  2,  pH  7.0;  0.3  ml.  of  5  percent 
Milliporc-filtcred  NaHCC»3  was  added  to  each  culture 
tube  prior  to  the  appropriate  dilution  of  the  spore 
suspension.  Thiotone  agar  (13  ml.)  was  added,  al- 
lowed to  solidify,  capped  with  2  cm.  of  the  same 
medium  and  tubes  were  incubated  at  37°  C.  for  72 
hours. 

Results  and  Discussions 

Spores  underwent  germination  and  postgerminativc 
development  when  incubated  at  37°  C.  (fig.  1).  In  2 
hours  about  83  percent  of  the  spores  became  stainable. 
Emerged  and  elongated  cells  first  appeared  at  2  hours; 
cell  division  was  first  evident  at  3  hours  and  about  79 
percent  of  the  population  had  undergone  division  by 
6  hours. 


Figure  1.— Germination  and  postgermlnative  development 
of  Clostridium  botulinum  62  A  spores  (about  7  x  107 
spores  per  millimeter),  incubated  (37s  C.)  in  theotone  me- 
dium containing  3  percent  thiotone,  0.1  percent  NaHCOj, 
0.05  percent  sodium  thioglycollate;  buffered  at  pH  7.0  with 
TES.  Smears  prepared  periodically  were  examined  micro- 
scopically to  determine  percent  germination  (stainable  with 
0.5  percent  methylene  blue),  emergence  and  elongation, 
and  dividing  cells. 


The  addition  of  increasing  levels  of  NaCl  to  the 
thiotone  medium  progressively  decreased  the  germi- 
nation rate  as  measured  by  loss  in  optical  density 
over  a  3-hour  period  (Fig.  2)  but  did  not  prevent 
germination  of  spores  which  were  incubated  for  more 
extended  periods.  In  the  presence  of  4  percent  NaCl 
only  24  percent  of  the  spores  were  stainable  within  3 
hours,  but  by  24  hours  about  80  percent  were  stain- 
able. At  the  end  of  1 2  days  of  incubation  vegetative 
cells  and  toxin  had  developed  in  all  cultures.  Mundt, 
Mayhew,  and  Stewart  (27)  demonstrated  that  germi- 
nation of  C.  sporogenes  c  spores  in  spleen  infusion  broth 
was  not  materially  reduced  by  the  addition  of  8  per- 
cent NaCl;  after  24  hours  there  were  99  percent  heat- 
sensitive  cells  in  the  absence  of  NaCl  as  compared  to 
89  percent  in  the  presence  of  8  percent  NaCl.  How- 
ever, vegetative  development  did  not  occur  in  the 
presence  of  8  percent  NaCl.  Gould  (16)  demonstrated 
that  5-7  percent  NaCl  prevented  outgrowth  but  not 
germination  of  Bacillus  spores. 

To  test  the  influence  of  NaCl  on  postgerminative 
development  of  C.  botulinum,  spores  were  allowed  to 
undergo  germination  for  2  hours  at  which  dine  water 
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Figure  2.— Effect  of  Increasing  levels  of  sodium  chloride 
on  the  germination  of  C.  botulinum  spores  in  thiotone  me- 
dium. Spores  were  suspended  in  thiotone  medium  (control) 
(0);  control  +1.0  percent  (w./v.)  NaCl  (A);  control  +2.5  per 
cent  (w./v.)  NaCl  (■);  control  +3.0  percent  (w./v.)  NaCl 
(A);  control  +4  percent  (w./v.)  NaCl  (•);  control  +8.5  per- 
cent (w./v.)  NaCl  (□).  Numbers  in  parenthese 
the  percent  of  stainable  spores  after  180  minutes 
tion  at  37°  C. 
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or  NaCl  was  added.  Postgerminative  development 
occurred  in  the  presence  of  2.5  percent  NaCl  but  was 
slower  than  in  its  absence  (fig.  3).  Furthermore,  when 
an  aqueous  spore  suspension  was  cultured  in  thiotone 
agar  tubes  and  counts  made  after  24  and  72  hours  at 
37°  C.  there  was  some  lag  in  colony  formation  but  no 
reduction  in  the  final  counts  with  the  incorporation 
of  up  to  4  percent  NaCl.  Thus,  up  to  4  percent  NaCl 
did  not  permanently  inhibit  the  spores  from  undergo- 
ing germination  and  development  to  the  point  of 
forming  macrocolonies.  Duncan  and  Foster  (9)  showed 
that  in  the  presence  of  3—6  percent  NaCl  most  of  the 
spores  of  PA  3679  germinated  and  formed  vegetative 
cells. 
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Figure  3.— Effect  of  2.5  percent  (w./v.)  sodium  chloride  on 
the  postgemiinative  development  of  C  botuHnum  spores. 
Spores  were  germinated  in  thiotone  medium  for  2  hours 
(80  percent  germination),  at  which  time  water  (0);  or  NaCl 
(•)  was  added.  Germination  and  postgerminative  develop- 
ment were  followed  by  optical  density  measurements  and 
the  number  of  viable  cells  (represented  by  numbers  in  pa- 
rentheses) in  samples,  appropriately  diluted  in  0.1  percent 
peptone  plus  0.1  percent  sodium  thioglycollate  was  deter- 
I  at  intervals  after  addition  of  water  or  NaCl. 


Although  NaCl  lowered  the  germination  rate  of  C. 
botulinum  62A  spores  and  caused  a  lag  in  outgrowth 
of  the  germinated  spores  it  did  not  sensitize  spores  to 
gamma  irradiation  (fig  4).  Spores  irradiated  in  the 
presence  1.5,  2.5,  or  4.0  percent  NaCl,  diluted  and 
cultured  in  the  absence  of  added  NaCl  appeared 
to  have  essentially  the  same  radiation  resistance  as 
those  irradiated  in  the  absence  of  NaCl.  The  inability 
of  salt  to  sensitize  spores  to  radiation  kill  has  also 
been  reported  for  C.  sporogetus  and  C.  oedematiens  (28). 
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Figure  4.— Effect  of  sodium  chloride  on  the  resistance  of 
C.  botulinum  spores  to  gamma  radiation.  Spores  were  sus- 
pended (about  4  x  107  spores  per  milliliter)  in  water  (0); 
1.5  percent  (w./v.)  NaCl  (#));  2.5  percent  (w./v.)  NaCl  (A); 
or  In  4.0  percent  (w./v.)  NaCl  (□)  and  irradiated  at  5°±2°  C 
In  a  «°Co  source.  Thereafter,  the  suspensions  were  i "' 
with  water  and  colony  counts  made. 


Several  investigators  have  demonstrated  that  non- 
sterilizing  doses  of  radiation  resulted  in  spore  sur- 
vivors (C.  botulinum)  which  were  not  capable  of 
developing  and  producing  toxin  in  cured  meats  (2,  4, 
17).  Also,  it  has  been  reported  for  aqueous  suspensions 
of  both  aerobic  and  anaerobic  spores  that  levels  of  irra- 
diation capable  of  destroying  the  ability  of  spores  to 
undergo  postgerminative  development  do  not  influ- 
ence the  rate  or  extent  of  spore  germination  (8,  24).  Ir- 
radiation of  aqueous  C.  botulinum  spore  suspensions 
with  0.9  Mrad,  a  dose  reducing  the  spores  capable  of 
forming  macrocolonies  by  >  99.9  percent  did  not 
appear  to  alter  spore  permeability  as  the  irradiated 
spores  suspended  in  0.1  M  TES  buffer  (plus  0.1  per- 
cent sodium  bicarbonate  and  0.05  percent  sodium 
thioglycollate)  without  thiotone,  showed  no  decrease 
in  optical  density  or  increase  in  stainability  when 
incubated  (37°  C.)  for  3  hours  (fig.  5).  Further- 
more, exposure  to  0.9  Mrad  did  not  alter  the  germ- 
ination pattern  of  C.  botulinum  spores  in  thiotone 
or  enhance  the  inhibitory  effect  of  2.5  percent  NaCl 
on  the  rate  of  germination.  However,  the  ability 
of  some  of  the  spores  surviving  irradiation  to  form 
macrocolonies  was  decreased  by  the  addition  of  NaCl 
to  the  thiotone  agar  recovery  medium  (fig.  6).  The 
decrease  in  colony  count  of  irradiated  spores  was 
greater  as  the  salt  concentration  in  the  recovery 
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Figure  5.— Germination  of  unirradiated  and  irradiated 
sports  in  the  absence  and  presence  of  added  sodium  chlo- 
ride. Aqueous  spore  suspensions  (about  3  x  10*  spores  per 
milliliter)  unirradiated  or  irradiated  at  5° ±2°  C  with  0.9 
Mrad  were  diluted  in  0.1  M  TES  containing  0.1  percent  so- 
dium bicarbonate  and  0.05  percent  sodium  thioglycollate 
(buffer);  buffer  with  3  percent  thiotone  (thiotone);  or  thio- 
tone  plus  2.5  percent  (w./v.)  NaCI.  Rate  of  germination  was 
followed  by  loss  in  optical  density.  The  percentage  of  stain- 
able  spores  after  3  hours  incubation  at  37°  C  is  indicated  in 


medium  was  increased  from  2.5  to  4.0  percent.  The 
presence  of  up  to  4.0  percent  NaCI  in  the  medium 
caused  no  reduction  in  the  recovery  of  unirradiated 
spores.  ApparcnUy,  radiation-injured  spores  were  un- 
able to  grow  out  in  the  presence  of  NaCI;  thus  as 
with  C.  sporogenes  and  C.  oedttnatiens  (28)  irradiation 
sensitizes  C.  botulinum  62A  spores  to  organoleptically 
acceptable  levels  of  salt  Furthermore,  this  sensitiza- 
tion at  an  irradiation  temperature  of  5s  ±2°  C.  also 
took  place  at  irradiation  temperatures  of  —30°  ±10° 
C.  and  -80°±  10°  C.  (data  not  shown).  The  organo- 
leptic quality  of  ham  irradiated  at  —80°  C.  is  better 
than  that  irradiated  at  5°  C.  (21).  It  is  conceivable  that 
combinations  of  curing  salts  (NaCI,  NaNC*2,  and 
NaNC*3)  together  with  radiation  may  have  greater 
inhibitory  qualities  than  NaCI  alone.  In  the  absence 
of  NaCI,  filter  sterilized  NaNOa  (200  p.p.m.)  or 
NaNC*3  (1,000  p.p.m.)  had  no  apparent  effect  on 
germination  or  outgrowth  of  irradiated  or  unirradi- 
ated C.  botulinum  62 A  spores  (data  not  shown). 

Cryogenic  Temperature. — Meats  irradiated  in  the 
frozen  state  underwent  less  deleterious  organoleptic 
changes  than  when  irradiated  in  the  unfrozen  state 
(19,  21, 35).  Low  temperature  (-30°  ±  10°C.)  irradia- 
tion was  a  basic  requirement  for  producing  acceptable 
shrimp  and  beef  (21).  The  organoleptic  qualities  of 
foods  (ham,  chicken,  and  pork)  were  better  when  the 
temperature  of  irradiation  was  lowered  (21,  35).  Since 
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Figure  6. — Effect  of  sodium  chloride  In  thiotone  agar  me- 
dium on  recovery  of  C.  botulinum  spores  irradiated  at  5* 
*  2*  C  in  aqueous  suspensions  (about  4  x  10*  spores 


C.  botulinum  is  the  microbial  index  for  determining 
the  MRD  requirement  for  all  radappertized  foods  it 
is  essential  that  we  clearly  understand  the  kinetics  of 
C.  botulinum  spore  death  as  a  function  of  the  product 
temperature  during  irradiation  (II).  As  the  tempera- 
ture of  irradiation  was  decreased  from  20°  to  —  196°C. 
an  increase  in  D  values  from  0.268  to  0.400  Mrad 
was  observed  (fig.  7).  Most  of  this  increase  occurred 
between  20°  and  -80°  C.  (D  =  0.350).  These  data, 
together  with  data  on  the  irradiation  of  meats  at 
cryogenic  temperatures  (21,  35),  suggest  that  the  dif- 
ferential between  spore  death  rate  and  quality  deteri- 
oration rate  widens  as  the  temperature  of  irradiation 
is  decreased,  thus  offering  a  definite  technological 
advantage  (11). 

Vacuum  levels.— To  test  the  influence  of  atmos- 
pheric pressure  on  the  radiation  resistance  of  C.  botu- 
linum 53B  spores,  beef  cubes  were  inoculated  with  3  x 
106  spores;  tubes  were  sealed  at  pressures  varying 
from  25  to  760  mm.  Hg.  and  samples  were  irradiated 
(11).  The  radiation  resistance  of  C.  botulinum  53B 
spores  at  all  radiation  levels  and  temperatures  exam- 
ined increased  only  slightly  with  a  decrease  in  atmos- 
pheric pressure  from  760  to  200  mm.  Hg.  (fig.  8).  At 
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Figure  7.— Effect  of  temperature  of  irradiation  on  the  dose 
required  for  90  percent  reduction  (D  value)  of  spores  of  C. 
botulinum  53B.  Slices  of  beef  (0.5  g.)  were  inoculated  with 
spores  (10*/0.5  g.),  sealed  in  10  x  150  mm.  tubes  at  200 
mm.  Hg.  and  irradiated.  Samples  were  appropriately  di- 
luted in  water  and  total  viable  cells  were  determined  after 
72  hours'  incubation  (32*  C.)  in  12  x  200  mm.  tubes  con- 
taining: 0.3  ml.  of  5  percent  NaHCOi  and  15-20  ml.  TPY 
agar  (5  percent  tryptJcase,  0.5  percent  yeast  extract,  0.5 
percent  peptone,  0.1  percent  soluble  starch,  0.01 
glucose,  0.125  percent  K1HPO4,  0.05  percent  sodiun 
glycollate,  0.85  percent  deionized  agar,  pH  7). 
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Figure  8.— Effect  of  atmospheric  pressure  on  the  radiation 
resistance  of  C.  botulinum  53B  spores  irradiated  at  5*  C; 
-40*  and  -190'  C.  Beef  cubes  (1  g./tube)  were  inocu- 
lated with  3  x  10*  spores,  sealed  at  varying  pressures  at 
22* -25°  C  and  irradiated.  Colony  counts  were  made  as  in 
Figure  7. 


a  processing  pressure  of  about  200  mm.  Hg.  (21  inches 
of  vacuum)  there  was  little  difference  in  kill  at  a 
given  temperature  with  sealing  the  inoculated  meat 
at  atmospheric  pressure.  Fortunately  this  amount  of 
vacuum  is  commonly  used  commercially  and  it  yields 
a  very  satisfactory  irradiated  product.  However,  as 
the  pressure  was  further  decreased  to  25  mm.  Hg. 
there  was  a  definite  increase  in  spore  survival.  Such 
data  suggest  that  sealing  pressures  used  in  packaging 
foods  for  radappertization  should  be  carefully  moni- 
tored. 


The  present  safety  concept,  borrowed  from  the 
older  and  analogous  canning  technology  requires 
that  the  MRD  be  equivalent  to  a  computed  12D  for 
a  most  radiation  resistant  C.  botulinum  spore  popula- 
tion in  die  prototype  food.  As  regards  acid  foods  and 
cured  foods,  the  present  1 2D  concept  appears  inappli- 
cable or  requires  change  (20).  Moreover,  we  empha- 
size the  need  for  specific  evidence,  both  theoretical 
and  experimental,  that  would  adequately  support 
the  present  12D  concept. 

We  arc  developing  a  program,  aimed  toward  a 
comprehensive  critical  evaluation  of  the  present  1 2D 
concept,  which  hopefully  will  generate  the  evidence, 
both  theoretical  and  experimental,  that  would  provide 
the  grounds  for  a  duly  adopted  alternative  (10). 

The  program  encompasses  the  following:  (a) 
Establish  through  extensive  surveys  the  incidence, 
levels  and  resistance  of  C.  botulinum  spores  in  raw 
meats;  (b)  Reexamine  die  order  of  spore  death — its 
experimental  and  statistical  validity.  Also,  evaluate 
all  methods  advanced  for  its  computation;  (c)  Estab- 
lish the  probability  of  spore  survival;  interpretation 
of  survival  probability  beyond  the  experimental  data; 
i.e.,  extrapolation  to  the  negative  region  of  the  sur- 
vival curve;  (d)  Establish  the  toxigenic  and  outgrowth 
potential  of  dormant  radiation  survivors;  (*)  Survey 
and  evaluate  analogous  safety  concepts  such  as  those 
prevailing  in  the  production  of  vaccines. 

The  above  program  is  underway  as  evidenced  by 
recent  results: 

(a)  Incidence. — Greenberg  et  al.  (18)  made  an  ex- 
tensive survey  for  putrefactive  anaerobic  spores  in- 
cluding C.  botulinum  in  raw  beef,  chicken,  and  pork. 
From  2,358  meat  samples  they  isolated  19,727  clos- 
tridial colonies  with  an  average  of  2.8  spores  per 
grams  of  meat.  The  highest  ratio  of  botulinal  spores 
to  putrefactive  anaerobe  spores  was  about  1=20,000; 
one  was  characterized  as  C.  botulinum  type  C.  Recently, 
Anellis  et  al.  (2)  summarized  the  findings  of  the 
known  information  on  the  incidence  of  clostridial 
spores  in  meat  and  meat  products.  The  data  clearly 
showed  that  indigenous  mesophilic  anaerobic  spores 
occurred  in  very  small  numbers,  and,  that  the  pres- 
ence of  C.  botulinum  was  a  relatively  rare  event. 

Data  accumulated  by  studies  on  incidence  and  level 
of  C.  botulinum  spores  in  raw  meat  would  serve  in  the 
effort  to  establish  a  more  realistic  and  more  scientifi- 
cally grounded  principle  behind  the  concepts  of 
microbiological  safety  of  radappertized  foods. 

(b)  Estimation  of  D  values. — The  Schmidt-Nank  con- 
ventional method  (31)  for  determining  radiation  D 
values  has  been  found  to  give  anomalous  results  in 
our  ham  and  pork  inoculated  pack  studies.  Use  of 
the  equation  with  partial  spoilage  data  from  the 
scientific  literature  confirmed  this  inconsistency. 
Hence,  we  applied  an  entirely  different  principle  to 
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estimate  D  values  (7).  Since  partial  spoilage  data 
represent  statistically  a  quantal  response,  LDm  values 
can  be  computed  by  statistically  accepted  methods  of 
various  degrees  of  rigorousness.  The  LD.w  can  be 
converted  to  a  D  value  by  this  relationship:  D  = 
LDfio/log  No  —  log  0.69.  Ten  different  calculation 
methods  were  compared  with  the  Schmidt-Xank  esti- 
mate. The  comparative  resistance  of  botulinal  strains 
varied  with  the  method  of  computation.  One  proce- 
dure, the  Weibull  distribution,  yielded  a  1 2D  equiva- 
lent or  any  n-D  without  resorting  to  the  D  value.  It 
also  determines  the  type  of  death  response  occurring 
in  an  inoculated  pack  without  the  need  for  assump- 
tions. 
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Summary 

Many  chemical  substances  which  arc  permitted  for 
use  in  foods  or  in  food  processing  are  inhibitory  to 
the  outgrowth  of  spores  of  Clostridium  hotuHnum.  Ap- 
proximately 0.2  to  10.5  percent  sodium  chloride 
(NaCl)  has  been  reported  to  inhibit  outgrowth  of 
types  A  and  B  C.  bolulinum  while  only  5.0  percent 
NaCl  has  inhibited  the  outgrowth  of  type  E  spores. 
Sucrose  concentrations  of  30  to  55  percent  inhibit  the 
outgrowth  of  types  A,  B,  and  E  C.  botulinum.  The 
effect  of  the  antibiotics  subtilin,  nisin,  and  tylosin  on 
the  outgrowth  of  C.  botulinum  spores  arc  presented.  As 
little  as  0.5  to  5.0  p.p.m.  of  tylosin  lactate  has  inhib- 
ited outgrowth  of  the  serotypes  A,  B,  and  E.  The  pH 
limits  for  outgrowth  of  type  E  C.  bolulinum  spores 
show  that  outgrowth  at  a  specific  pH  is  temperature 
dependent  and  outgrowth  (but  not  germination)  at 
optimum  conditions  is  inhibited  at  pH  5.0.  Inhibition 
of  spore  outgrowth  of  C.  botulinum  by  sodium  nitrite, 
sodium  nitrate,  sodium  bcnzoaic,  sodium  parahydroxy- 
benzoate, and  disodium  ethylencdiaminctctraacctic 
acid  have  been  reported.  Clilorine  in  the  form  of 
gaseous  chlorine  or  calcium  hypochlorite  were  effec- 
tive sporicides  at  a  concentration  of  7.5  p.p.m.  of  free 
chlorine  at  pH  6.5.  Solute  concentration  affects  the 
water  activity  (aw)  of  microbial  substances.  The  limit- 
ing aw  values  for  types  A  and  B  spores  have  been 
reported  as  ranging  between  0.94  to  0.96  aw.  Type  E 
spores  arc  inhibited  by  lower  aw  and  values  of  0.97  to 
0.98  aw  have  l>ecn  reported  by  three  different  labora- 
tories. The  inhibitory-  aw  for  type  E  C.  botulinum  spores 
at  30°  C.  at  the  following  concentrations  (w/w)  of 
solutes  in  the  medium  was:  5  percent  NaCl  (aw  0.975), 
6.0  percent  KC1  (aw  0.974),  5.5  percent  NaCOOH 
(aw  0.971),  22.5  percent  glucose  (aw  0.970),  and  35.0 
percent  sucrose  (aw  0.977). 

Introduction 

Some  of  the  resistance  characteristics  of  the  spores 
of  C.  botulinum  were  presented  by  Smith  (24).  He 
stated  that  "The  spores  of  C.  botulinum  are  quite  resist- 
ant to  chemical  agents.  Exposure  of  the  spores  to  5 

'Michigan  Agricultural  Experiment  Station  Journal,  article  No.  4522. 
468 


percent  phenol  or  'Lysol'  did  not  inactivate  the  spores 
within  7  days.  Severe  treatments  such  as  exposure  to 
10  percent  hydrochloric  acid  destroys  the  spores  with- 
in 1  hour.  Commercial  formalin  diluted  with  an  equal 
volume  of  hot  water  and  exposing  the  organism  for 
at  least  24  hours  was  recommended  for  the  disinfection 
of  material  which  cannot  be  heated  or  treated  with 
hydrochloric  acid.  Quaternary  ammonium  com- 
pounds arc  probably  rather  ineffective." 

The  study  of  chemical  inhibition  of  the  growth  of 
C.  botulinum  is  somewhat  complicated  due  to  the 
nature  of  the  organism  itself.  The  various  serotypes  of 
the  micro-organisms  comprising  C.  botulinum  can  be 
grouped  into  two  physiological  groups:  those  which 
arc  proteolytic  and  those  which  are  saccharolytic. 
Although  the  types  A,  B,  and  F  are  generally  regarded 
as  proteolytic  and  the  types  C,  D,  and  E  as  saccha- 
rolytic, saccharolytic  types  B  and  F  also  do  occur.  It 
would  be  expected  that  micro-organisms  with 
greatly  different  schemes  for  obtaining  energy  would 
be  quite  different  with  respect  to  their  resistances  to 
adverse  conditions  such  as  heat,  cold,  chemicals,  and 
radiation.  This  is  indeed  what  has  been  reported. 

The  types  A  and  B  C.  botulinum  have  been  more 
widely  studied  with  regard  to  the  effects  of  chemicals 
upon  their  growth,  most  probably  due  to  their  greater 
heat  and  radiation  resistances  and  therefore  of  greater 
importance  to  the  food  industry.  In  addition,  the 
relatively  recent  discoveries  of  type  E  and  especially 
type  F,  coupled  with  the  relative  rarity  of  type  F, 
would  result  in  a  decreased  amount  of  data  on  chem- 
ical inhibition  being  available  for  these  serotypes. 

Limited  data  arc  available  on  the  effects  of  chemi- 
cals upon  the  growth  of  types  C  and  D  as  well.  More 
recent  studies  have  been  principally  concerned  with 
determining  inhibitory  agents  effective  against  the 
outgrowth  of  type  E  C.  botulinum.  These  studies  have 
also  included  the  concept  of  the  effects  of  solutes 
upon  the  equilibrium  relative  humidity  (ERH)  or 
water  activity  (aw)  of  solutions  and  this  important 
concept  will  be  discussed  in  further  detail  in  the  last 
section  of  this  presentation. 

Besides  the  physiological  differences  of  C.  botulinum 
which  determine  their  resistances  to  chemicals,  there 
are  many  experimental  variables  which  can  affect 
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resistance  such  as  inoculum  size,  cell  type,  physiologi- 
cal condition  of  the  cells,  temperature,  composition 
of  the  suspending  medium  or  substrate,  pH,  and  oxi- 
dation-reduction potential.  Thus,  resistance  experi- 
ments of  any  sort  must  be  designed  so  that  all  other 
variables  with  the  exception  of  the  test  variable  are 
optimal  for  the  growth  of  the  micro-organism. 

A  further  comment  on  the  type  of  inoculum  used 
in  resistance  studies  is  warranted.  Either  vegetative 
cells  or  spores  may  be  used  as  inocula,  and  it  would 
be  desirable  to  include  both  cell  types.  Data  also 
indicate  that  spore  germination  can  occur  within  a 
narrower  range  of  environmental  conditions  than  dors 
vegetative  cell  growth.  Although  spore  germination  is 
an  important  index,  most  food  microbiologists  are 
more  concerned  about  the  outgrowth  of  the  germi- 
nated spore  into  an  actively  growing  vegetative  cell 
population.  It  is  this  actively  growing,  toxin-produc- 
ing vegetative  cell  population  that  we  are  trying  to 
control  in  food  protection  studies. 

Sodium  chloride  and  sucrose.— Historically,  two 
commonly  accepted,  widely  used,  and  generally  rec- 
ognized as  safe  food  chemicals  are  NaCl  and  sucrose. 
These  have  been  added  to  foods  in  salting  or  syruping 
procedures  for  centuries.  Table  1  presents  a  partial 
summary  of  inhibitory  concentrations  of  NaCl  and 
sucrose  which  have  historical  significance  as  food  pre- 
servation agents. 

Table  1.— Inhibitory  levels  of  NaCl  and  sucrose  required  to 
inhibit  Clostridium  botulinum  under  optimum 


Inhibitory 
Type  of    Inhibitory  concentration 
C.  botulinum  substance  percent  (w/w) 


Inhibits 


A  and  B. 


.NaCl  a.  5-10.5 


Do..  .NaCl  6.25  in 

aqueous 
phase  of 


Growth  of  vegetative 
and  spore  inocula. 

Proteolysis  and  pu- 
trefaction—  not 
toxin  formation. 


Do  NaCl  9.0  Toxin  formation. 

Do.     .NaCl  H.2  Growth  of  vegetative 

inocula. 

E  NaCl  5.0  Spore  outgrowth. 

E  -  -  -NaCl  5.8  Growth  of  vegetative 

cells. 

F.  ..  NaCl  6.5(>4.li)...  Do. 

L  NaCl  4.9....  .  . .  Spore  outgrowth. 

A  and  B.  .  .Sucrose  30-55.  .  Growth  ot  vegetative 

cells. 

B  do  30    Do. 

B  do  31  Spore  germination. 

E  do..  38.5  Spore  outgrowth. 


It  is  apparent  from  the  data  in  table  I  that  the 
studies  reported  by  Tanner  and  Evans  (25)  concern- 
ing NaCl  inhibition  of  types  A  and  B  have  remained 
valid  since  there  arc  no  major  differences  between 
their  studies  and  those  of  Baird-Parker  and  Freame 


(/).  The  range  of  NaCl  concentration  inhibiting 
growth  of  types  A  and  B  is  between  8.2  to  10.5 
percent  based  upon  use  of  different  strains.  It  should 
be  noted  that  proteolysis  and  putrefactive  changes  of 
pasteurized  ham  produced  by  a  10-strain  mixture  of 
types  A  and  B  C.  botulinum  were  inhibited  at  con- 
centrations of  6.25  to  8.95  percent  NaCl  (JO).  How- 
ever, toxin  was  produced  in  14  out  of  104  samples 
containing  an  average  NaCl  concentration  of  7.12 
percent  in  the  water  phase  of  the  ham.  No  toxic 
samples  were  detected  in  the  above  group  when  the 
average  salt  content  of  the  water  phase  was  H.'Jf) 
percent. 

The  inhibitory  NaCl  level  for  type  E  outgrowth  is 
considerably  lower  than  that  reported  for  types  A 
and  B  and  is  reported  as  between  4.9  and  5.8  percent 
(/,  6,  17,  20).  Baird-Parker  and  Freame  (/)  reported 
growth  in  the  presence  of  4.8  percent  NaCl,  but  not 
in  6.5  percent. 

Sucrose  is  another  solute  which  has  been  employed 
in  confections,  canned  breads,  and  bakery  products 
to  control  spore  outgrowth,  including  C.  botulinum. 
There  is  a  substantial  difference  between  the  inhibi- 
tory sucrose  concentration  of  50  to  55  percent  reported 
by  Bever  and  Halvorson  (3)  and  the  30  to  31  percent 
sucrose  inhibition  of  type  B  as  noted  by  Beers  (2). 
However,  both  types  A  and  B  strains  were  used  in 
the  earlier  study  while  Beers  reported  data  only  for 
type  B. 

Studies  performed  in  our  laboratory  (7)  indicate- 
that  the  inhibitory  level  of  sucrose  for  four  strains  of 
type  E  C.  botulinum  is  comparable  to  that  reported  by 
Beers  for  type  B,  since  our  reported  inhibitory  con- 
centration was  38.5  percent  as  determined  at  30°  C. 

Antibiotics.— Due  to  the  criteria  imposed  by  the 
U.S.  Food  and  Drug  Administration  on  the  use  of 
antibiotics  in  foods,  little  commercial  interest  has  been 
shown  in  this  area.  Prior  to  1966,  substantial  work 
had  been  done.  Kaufmann  et  al.  (13)  examined  nine 
antibiotics  for  their  effectiveness  in  inhibiting  the  out- 
growth of  type  B  C.  botulinum.  These  antibiotics  in- 
cluded neomycin,  celiomycin,  strcptin,  circulin,  and 
five  experimental  antibiotics.  None  was  effective  in 
inhibiting  outgrowth  of  the  type  B  strain. 

The  polypeptide  antibiotic  subtilin  gave  promising 
results  when  4  pg./ml.  of  substrate  was  reported  to 
be  inhibitory  for  type  62A  C.  botulinum.  However, 
Campbell  and  Winiarski  (4)  showed  that  type  62A 
would  develop  a  resistance  to  subtilin,  and  they  re- 
ported that  a  mutant  strain  of  62A  gave  good  growth 
in  100  jig.  of  subtilin  per  milliliter.  Control  of  both  the 
parent  and  mutant  strain  was  accomplished  by  the 
use  of  30  *ig.  of  nisin  per  milliliter.  It  appears  that  the 
polypeptide  antibiotic  nisin  is  at  least  as  effective  as 
subtilin.  Unfortunately,  nisin  is  not  effective  in  non- 
acid  foods  at  or  near  pH  7.0. 
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Tylosin  or  tylosin  lactate  has  appeared  to  have  some 
applications  as  an  additive  to  minimize  economic 
spoilage  of  canned  foods.  Data  presented  by  Denny 
et  al.  (J)  and  by  Greenberg  and  Silliker  (9)  showed 
that  members  of  the  genus  Clostridium  arc  highly  sus- 
ceptible to  tylosin.  Most  researchers  have  stipulated 
that  tylosin  and  other  food  processing  adjuvants 
should  not  be  considered  as  a  means  of  reducing 
thermal  processes  below  a  "minimum  botulinum 
cook"  which  is  defined  as  equivalent  to  2.8  minutes 
of  heating  at  121°  C.  As  little  as  5  p. p.m.  of  tylosin 
lactate  was  found  to  be  inhibitory  to  types  A  and  B 
spore  outgrowth  when  added  to  six  different  canned 
foods  containing  meat.  Tylosin  was  found  to  inhibit 
outgrowth  of  the  germinated  spore  while  germination 
was  unaffected. 

One  product  type  in  which  the  use  of  another 
inhibitory  ingredient  appears  warranted  is  that  of  the 
partially  preserved  or  semipreserved  fish  products. 
There  are  several  species  of  hot  smoked  (70°  to  82° 
C.)  and  cold  smoked  (30°  to  37°  C.)  fishery  products 
which  depend  solely  upon  their  NaCl  content  and 
use  of  low  temperatures  (2°  to  4°  C.)  to  prevent  the 
outgrowth  of  type  E  spores  which  can  be  present  in 
an  appreciable  percentage  of  fish  samples  in  certain 
sections  of  the  world.  It  was  for  this  reason  that 
Shcneman  (22)  examined  the  use  of  100  p. p.m.  of 
tylosin  lactate  in  the  brining  procedure  used  for  white- 
fish  "chubs."  After  smoking  at  approximately  55°  or 
65°  C.  for  30  minutes,  residual  tylosin  ranged  from 
about  0.5  to  5  p.p.m.  This  tylosin  residual  remained 
relatively  constant  in  the  product  for  at  least  30  days 
at  6°  C.  Fish  containing  tylosin  did  not  support  the 
growth  of  type  E  C.  botulinum  during  14  days  of  incu- 
bation at  ambient  conditions.  Further  studies  and 
commercial  trials  with  this  additive  appear  warranted 
when  the  regulatory  position  on  the  use  of  antibiotics 
in  foods  changes. 

In  contrast  to  U.S.  Food  and  Drug  Administration 
regulations,  Japan  permits  the  use  of  several  anti- 
biotics in  fishery  products.  Kawabata  ct  al.  (14)  sum- 
marized the  use  of  these  antibiotics  in  fishery  products. 
They  reported  that  chlortetracycline  is  approved  for 
use  in  Japan  for  preserving  raw  fish  for  fish  paste 
products  such  as  "Kamaboko"  and  for  canned  or 
salted  salmon.  Furylfuramide,  or  2-(2-furyl)-3-(5- 
nitro-2-furyl)  acrylamide,  has  been  permitted  for  use 
in  Japan  since  1965  and  has  been  substituted  for 
nitrofurazone  and  nitrofuryl  acrylamide.  Furylfur- 
amide is  a  widespectrum  antibiotic,  is  fairly  stable  to 
heat  and  is  recommended  for  use  at  20  p.p.m.  in  fish 
sausage  and  2.5  p.p.m.  in  senupreserved  food  prod- 
ucts such  as  Kamaboko. 

Tylosin  has  not  yet  been  approved  for  use  in  Japan 
but  many  trials  have  been  performed  there  evaluating 
its  efficacy  in  semipreserved  foods  such  as  fish  sausage 


and  bean-curd  cake  as  well  as  in  certain  canned 
foods.  These  studies  have  demonstrated  that  the  ef- 
fectiveness of  tylosin  against  gram-positive  organisms 
coupled  with  tylosin's  low  toxicity  appear  to  render 
this  antibiotic  a  useful  food  additive. 

Other  inhibitors.— pH.  It  is  generally  agreed  that 
the  limiting  pH  for  the  growth  of  spore  inocula  of  C. 
botulinum  types  A  and  B  is  pH  4.6  to  5.0  (11).  Table  2 
presents  these  data  and  that  reported  for  the  inhibition 
of  type  E  spores  which  is  generally  considered  to 
occur  at  pH  5.0  under  optimal  conditions.  The  study 
of  Segner  et  al.  (21)  showed  that  the  limiting  pH  for 
growth  of  type  E  strains  in  laboratory  media  de- 
pended upon  the  initial  number  of  spores  in  the  inoc- 
ulum, the  amount  of  reducing  agent  present,  and  the 
incubation  temperature.  They  reported  a  limiting  pH 
of  5.03  for  growth  in  the  best  medium  inoculated 
with  about  1  x  10°  heat  shocked  spores  per  milliliter 
at  30°  C.  while  at  8°  C.  the  limiting  pH  was  5.9  and 
was  even  higher  for  unheated  spores.  In  liver  broth 
the  limiting  pH  for  vegetative  cell  growth  from  spore 
inocula  was  pH  5.22  but  germination  did  occur  at 
pH  5.01. 

Table  2.— pH  limits  for  outgrowth  of  Clostridium  botulinum 


Lowest  pH  permitting 


Type  of  Gcrmina-  Out- 

C.  botulinum  Inoculum  tion  growth 


AandB..  Spores   4.6-5.0 

A                   .do                                 5.3  5.3 

Vegetative  cells  _   5.0 

B  Spores  (30°  C.)....                5.0  5.0 

(20°  C.)                      5.0  (') 

Vegetative  cells   5.3 

E  Spores                                   5.0  5.3 

Vegetative  cells    5.3 

E  Spores  in  TPG  (30°  C.)   5.03 

(  8°  C.)    5.90 

Spores  in  liver  broth   5.01  5.22 

E   Spores  at  15.6°  C    5.2 

10.0s  C   5.4 

7.2°  C    5.6 

5.0°  C   6.0 

'No  growth. 

Baird-Parker  and  Freame  (/)  reported  similar  find- 
ings for  the  Beluga  strain  of  C.  botulinum  type  E  with 
germination  but  no  outgrowth  at  pH  5.0  while  out- 
growth from  vegetative  or  spore  inocula  was  obtained 
at  pH  5.3.  Spores  of  the  type  A  strain  germinated  at 
pH  5.3,  and  vegetative  cell  inocula  produced  growth 
at  pH  5.0  when  incubated  at  30°  C.  but  not  at  20° 
C.  The  type  B  spores  germinated  at  20°  C.  at  pH  5.0 
but  could  not  grow  further,  while  germination  and 
outgrowth  took  place  at  30°  C.  at  pH  5.0. 

Emodi  and  Lechowich  (6)  reported  that  the  pH 
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limits  for  outgrowth  of  five  type  E  strains  in  a  labora- 
tory medium  were  also  temperature  dependent.  Out- 
growth from  spore  inocula  occurred  at  pH  5.2  at 
15.6°  C,  while  at  5.0°  C.  pH  6.0  was  the  lowest  pH 
that  permitted  outgrowth. 

Sodium  nitrite  and  sodium  nitrate.— Sodium 
nitrite  and  sodium  nitrate  have  received  wide  use  as 
meat  curing  agents  for  a  long  time.  It  was  believed 
that  concentrations  in  excess  of  0.2  to  0.5  percent 
retarded  both  the  rate  of  death  and  the  outgrowth  of 
anaerobic  spores  in  canned  ham.  Tarr  (27)  believed 
that  the  inhibitory  action  of  nitrate  was  due  to  inhibi- 
tion of  catalase  by  hydroxylamine  formed  during  ni- 
trate reduction  which  permitted  hydrogen  peroxide 
to  accumulate  in  the  medium.  Clostridial  spores  are 
quite  sensitive  to  hydrogen  peroxide. 

Nitrite  at  approximately  200  p.p.m.  was  effective 
against  microbial  spores  only  when  the  pH  was  below 
7.0  and  was  more  effective  when  the  pH  was  less 
than  6.5. 

Yesair  and  Cameron  (29)  found  a  70  percent  de- 
crease in  the  spore  count  of  C.  boiulinum  by  the  addition 
of  0. 1  percent  sodium  nitrate,  0.005  percent  sodium 
nitrite,  or  2  percent  NaCI  to  a  meat  infusion  agar. 
Nitrites  have  also  been  reported  to  have  a  consider- 
able inhibitory  influence  on  the  spores  of  C.  boiulinum 
and  those  of  other  Clostridia  (23).  The  effect  of  ap- 
proximately 80  p.p.m.  of  nitrite  has  been  reported  to 
be  comparable  in  inhibiton  to  that  of  3.5  percent  of 
NaCl  in  the  aqueous  phase  of  canned  cured  meat. 
Sillikcr  ct  al.  (23)  have  shown  that  a  combination  of 
78  p.p.m.  of  sodium  nitrite,  3.5  percent  NaCl  in  the 
aqueous  phase  of  a  meat  product,  and  slight  heat 
injury  resulted  in  sufficient  damage  to  clostridial 
spores  to  prevent  subsequent  growth  in  the  product. 
The  use  of  nitrate  appeared  to  be  of  little  value 
against  anaerobic  spores.  Tarr  (26)  reported  that  a 
range  of  from  25  to  500  p.p.m.  of  nitrite  inhibited 
type  A  C.  botuiinum  spores  for  more  than  1  month  at 
optimum  temperatures  and  at  a  pH  range  of  5.9  to 
7.6. 

Pivnick  and  Barnett  (18)  reported  that  toxin  pro- 
duction in  ham  was  considerably  delayed  but  not 
prevented  when  the  nitrite  concentration  was  in- 
creased while  the  sodium  chloride  concentration  was 
kept  constant.  Their  data  for  types  A  and  B  spores 
inoculated  into  ham  and  incubated  at  several  tem- 
peratures are  reported  in  table  3.  As  the  nitrite  con- 
centration increased,  toxinogencsis  was  delayed.  A 
decrease  in  temperature  from  30°  to  20°  C.  delayed 
toxinogenesis  for  an  additional  13  days  even  when 
nitrite  was  omitted. 

Segner,  et  al.  (20)  reported  that  outgrowth  of  the 
Beluga  strain  of  type  E  was  inhibited  in  haddock 
homogenate  by  the  addition  of  sodium  nitrite.  Table 
4  shows  the  effect  of  nitrite  addition  at  8°  C.  incuba- 
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Table  3.— Effect  of  nitrite  concentration  and  temperature 
on  toxinogenesis  by  types  A  and  B 
Clostridium  botuiinum  in  cooked  sliced  ham' 


Nitrite 
recovered 


Nitrite 

Nitrite  rc-  after 

added 

covered  after                      1  week 

Days  to 

(parts  pci 

cooking  (parts  Tempera-  (parts  per 

become 

million) 

per  million)    turc  (  C.)  million) 

toxic 

0 

0              30  0 

2 

   25  0 

3 

   20  0 

15 

50 

37               30  9 

3 

—  -                        25  9 

4 

  20  23 

25 

300 

160               30  15 

8 

  25  42 

25 

  20  130 

60 

'Ham  was 

sliced,  vacuum  packed  In  air-impermeable  pouch 

ea,  and  was 

inoculated  with  10,000  spores  per  (crura  prior  to  cooking 

to  70*  C. 

Postprocessing  sodium  chloride  concentration  in  the  aqueous  phase  was  4.1 

Table  4.- 

■The  effect  of  sodium  nitrite  on  spore  outgrowth 

of  Clostridium  botuiinum  type  E  Beluga  at  8*  C. 


Nitrite  concentration 
(parts  per  million! 

Average  outgrowth 
time  in  days 

0 

8 

50 

10 

100 

II 

150 

11 

200 

16 

tion.  In  the  presence  of  200  p.p.m.  of  nitrite  out- 
growth was  not  prevented,  but  the  outgrowth  time 
was  doubled.  It  required  500  p.p.m.  of  nitrite  to 
completely  inhibit  type  E  outgrowth  at  6°  C.  A  con- 
centration of  500  p.p.m.  of  sodium  nitrate  in  haddock 
homogenate  did  not  prevent  outgrowth  of  four  type 
E  strains  at  cither  6°  or  8°  C. 

Graikoski  (8)  has  reported  that  smoked  whitefish 
chubs  containing  more  than  3  percent  NaCl  in  the 
aqueous  phase  and  about  100  p.p.m.  of  sodium  nitrite 
were  incapable  of  supporting  the  outgrowth  of  type  E 
spores  when  1  x  106  spores  were  inoculated  into  the 
loin  muscle  of  each  fish  after  heat  processing. 

Sodium  benzoatc. — Table  5  presents  a  com- 
parison of  the  effects  of  sodium  benzoatc  or  sodium 
parahydroxy  benzoate  (PHB)  on  spore  outgrowth  of 
the  Beluga  type  E  strain  at  8°  C.  incubation  (20). 
The  PHB  form  appeared  to  be  a  better  inhibitor  of 
spore  outgrowth,  since  outgrowth  time  was  somewhat 
increased  at  the  100-p.p.m.  level  and  was  substantially 
increased  over  the  control  and  benzoate  variables  at 
the  500-p.p.m.  level. 
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Table  5.— The  effect  of  sodium  benzoate  or  sodium- 
para-hydroxy  benzoate  on  spore  outgrowth 
Clostridium  botullnum  type  E  Beluga  at  8*  C. 
in  haddock  homogenate 


Average  outgrowth  lime  in  day* 

Additive 
concentration  (parts 
per  million) 

Na  benzoate 

Na  parahydroxy 
benzoate 

0 

8 

8 

100 

8 

11 

500 

14 

24 

Ethyl  en  edtaminetetraacetic  acid  (EDTA). —  The 

effects  of  the  disodium  salt  of  EDTA  upon  the  out- 
growth of  heat  shocked  spores  of  four  type  E 
strains  in  haddock  homogenate  incubated  at  various 
temperatures  was  also  reported  by  Segner,  et  al.  (20). 
Table  6  presents  the  data  obtained  for  incubation 
temperatures  between  6°  and  30°  C.  The  concentra- 
tion required  for  inhibition  increased  with  tempera- 
tures between  6°  and  21°  C.  but  decreased  at  30°  C. 

Although  the  mechanism  of  inhibition  of  type  E 
outgrowth  by  nitrite  and  the  benzoates  is  not  perfecUy 
clear,  Segner,  ct  al.  (20)  proposed  that  EDTA  func- 
tions to  chelate  essential  cations  which  are  necessary 
for  spore  outgrowth.  They  confirmed  the  previous 
results  using  much  higher  concentrations  (1,000  to 
5,000  p.p.m.)  of  sodium  tripolyphosphatc  which  is  a 
much  less  effective  chelator  of  cations  than  EDTA. 

Table  6. — The  effect  of  temperature  on  the  Inhibitory 
concentration  of  disodium  EDTA  upon  four  type  E 
Clostridium  botullnum  strains  in  haddock  homogenate 


Inhibitory  concentration 
Incubation  temperature  (°C.)  (parts  per  million) 


150 

H 

200 

10 

250 

16 

300 

21 

350 

30 

200 

Chlorine. — Studies  performed  at  the  National 
Canner's  Association  of  the  United  States  have  indi- 
cated that  chlorine  is  an  effective  sporicidal  agent 
against  C.  botulinum  (12).  The  studies  they  have  been 
performing  are  designed  to  obtain  better  methods  of 
sanitation  and  inplant  control  of  C.  botulinum  in  food 
processing  plants.  These  studies  determined  the  chlo- 
rine resistance  of  two  type  A,  two  type  B,  and  four 
type  E  strains  in  phosphate  buffered  calcium  hypo- 
chlorite solutions  at  pH  6.5.  A  99.99-percent  reduction 
in  spore  count  in  the  presence  of  7.5  p.p.m.  of  free 
chlorine  was  obtained  in  4  to  6  minutes  for  the  type 


E  strains  and  in  3  to  8  minutes  for  the  types  A  and  B 
strains.  One  strain  each  of  types  A,  B,  and  E  spores 
was  exposed  to  calcium  hypochlorite  solutions  at  var- 
ious pH.  The  time  required  to  destroy  99.99  percent 
of  the  botulinum  spores  increased  as  the  pH  increased 
from  3.5  to  8.0. 

One  strain  of  types  A,  B,  and  E  spores  was  exposed 
to  organic  debris  such  as  fish  oil,  peptone,  and  fish 
material.  Under  these  conditions,  the  chlorine  dosage 
must  be  adequate  to  satisfy  the  chlorine  demand  and 
provide  a  free  chlorine  residual  before  any  germicidal 
advantages  of  chlorine  could  be  shown 

Results  for  one  type  E  strain  indicated  that  the 
time  required  to  destroy  99.99  percent  of  the  popula- 
tion decreased  as  the  concentration  of  available  chlo- 
rine increased.  Studies  with  this  type  E  strain  indicated 
that  the  time  required  to  destroy  99.99  percent  of  the 
population  approximately  doubled  for  each  10°  C. 
rise  in  temperature.  One  type  E  C.  botulinum  strain 
was  exposed  to  various  sporicidal  compounds  in  pH 
6.5  phosphate  buffer.  Calcium  hypochlorite  and  water 
chlorinated  with  gaseous  chlorine  were  the  most  ef- 
fective sporicides  of  the  compounds  tested. 

Solutes  and  Their  Effect  on  Water  Activity 

Recent  studies  on  the  effects  of  solutes  upon  the 
growth  of  C.  botulinum  have  included  the  concept  of 
water  activity  (aw)  of  the  solute-solvent  system  as  an 
index  of  the  availability  of  the  water  for  microbial 
growth,  Scott  (19)  defined  aw  as  a  fundamental  property 

of  aqueous  solutions  that  is  equal  to       =   ;  ; 

po       ni  +  n2 

where  p  is  the  vapor  pressure  of  the  solution  and  po  is 
the  vapor  pressure  of  the  solvent,  and  n\  and  n%  refer 
to  the  number  of  moles  of  solute  and  solvent  in  the 
solution.  Scott  showed  that  the  inhibitory  effect  of 
different  carbohydrates  and  salts  on  certain  bacteria 
could  be  explained  by  their  effect  on  aw.  Scott  (19) 
examined  the  relationship  of  the  aw  concept  to  canned 
ham  and  showed  that  the  aw  of  canned  ham  was 
largely  due  to  the  brine  concentration  of  the  ham. 
However,  the  salt  concentration  and  the  aw  do  not 
always  correspond  for  all  cured  meat  products.  Scott 
(19)  reported  that  the  aw  of  canned  ham  varied  be- 
tween 0.95  and  0.97.  This  compares  with  the  reported 
data  that  C.  botulinum  type  B  would  grow  in  50  percent 
sucrose  (aw  0.935)  but  not  in  55  percent  sucrose  (aw 
0.917).  However,  Beers  (2)  reported  that  germination 
was  prevented  by  31  percent  sucrose  (aw  0.975)  and 
growth  was  prevented  by  30  percent  sucrose  (aw 
0.976).  Williams  and  Purncll  (28)  reported  that 
germination  of  C.  botulinum  spores  would  occur  in 
liver  powder  adjusted  to  various  aw  levels  even  when 
the  aw  was  somewhat  less  than  0.90,  but  vegetative 
cell  development  was  reduced  at  0.94  to  0.96  aw  and 
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generally  was  prevented  at  0.95  to  0.90  aw.  Scott  (19) 
believed  that  the  aw  measurements  reported  in  these 
earlier  studies  were  not  accurate  and  indicated  that 
the  minimum  aw  permitting  development  of  spores 
into  vegetative  cells  in  media  containing  various 
solutes  was  about  0.95  aw. 

Ohye  and  Christian  (16)  studied  the  effects  of  aw 
and  pH  on  the  ability  of  spores  of  C.  botulinum  types 
A,  B,  and  E  to  initiate  growth  at  temperatures  be- 
tween 0°  and  50°  C.  using  a  mixture  of  salts  to 
adjust  the  aw.  Between  the  optimum  conditions  of 
30°  to  40°  C.  and  pH  7.0,  growth  was  inhibited  at 
aw  levels  of  0.95  for  type  A,  0.94  for  type  B  and  0.97 
for  type  E.  When  the  temperature  was  reduced  from 
the  optimum  to  20°  C.  for  types  A  and  B,  the  limiting 
aw  values  became  0.97  for  both  types.  Type  E  was 
inhibited  by  0.97  aw  at  both  30°  C.  and  20°  C,  but 
only  0.99  aw  became  inhibitory  for  type  E  at  10°  C. 
Not  only  does  temperature  affect  the  minimum  aw 
limiting  growth  of  C.  botulinum,  a  change  in  pH  from 
the  optimum  also  served  to  increase  the  minimum 
aw  at  which  vegetative  cell  growth  was  prevented. 
It  appeared  that  there  was  an  interaction  between 
pH  and  temperature  for  the  type  E  spores  which 
was  less  pronounced  with  the  types  A  and  B  spores. 

Ohye  et  al.  (17)  studied  the  effect  of  aw  on  the 
growth  of  C.  botulinum  from  spore  and  vegetative  cell 
inocula  and  the  effect  of  temperature  on  the  limiting 
aw.  They  found  that  the  growth  of  C.  botulinum  type  E 
from  vegetative  cell  inocula  was  limited  at  almost  the 
same  aw  whether  NaCl  alone  or  a  mixture  of  NaCl, 
KC1,  and  Na2SOi  were  used  to  adjust  the  aw  of  the 
growth  medium.  However,  the  data  presented  in 
table  7  show  that  the  salt  mixture  was  slighdy  less 
inhibitory  than  NaCl  alone. 

The  most  salt  tolerant  strain  they  encountered  was 
the  103  strain  which  grew  at  a  minimum  aw  of 
0.965  when  incubated  at  25°  or  30°  C.  Strain  103 
grew  in  0.970  aw  at  20°  C.  and  at  0.975  aw  at  15°  C. 
They  found  that  the  optimum  aw  for  growth  was 
0.995,  and  any  reduction  in  aw  affected  the  growth 


rate  of  the  strains  at  any  of  the  four  temperatures 
they  studied. 

Baird- Parker  and  Frcamc  (I)  also  investigated  the 
aw  relationships  of  one  strain  each  of  types  A,  B, 
and  E  C.  botulinum  under  a  variety  of  environmental 
conditions.  These  workers  evaluated  the  effects  of 
various  concentrations  of  NaCl  and  glycerol  on  the 
germination  and  growth  over  a  wide  range  of  pH 
and  temperature. 

The  water  activity  measurements  were  confirmed 
experimentally  on  all  variables  after  preparation. 
Baird-Parker  and  Freame  devised  an  electrical  dew- 
point  measuring  apparatus  with  a  reported  accuracy 
of  ±0.002  aw.  Unfortunately,  this  instrument  is  not 
commercially  available.  Table  8  summarizes  a  portion 
of  their  study  and  presents  only  the  results  obtained 
at  pH  6.0  and  7.0  and  at  20°  and  30°  C.  incubation. 

There  is  reasonably  close  agreement  between  the 
results  of  Ohye  and  Christian  (16)  who  reported 
limiting  aw  values  of  0.95,  0.94,  and  0.97  for  types 
A,  B,  and  E,  respectively,  and  the  limiting  aw  values 
reported  by  Baird-Parker  and  Freame  (1)  of  0.96, 
0.96,  and  0.98  aw  for  types  A,  B,  and  E,  respectively. 
However,  lower  limiting  values  were  reported  when 
glycerol  was  present  in  the  medium. 

We  examined  the  effect  of  a  wider  range  of  solutes 
upon  the  outgrowth  of  type  E  C.  botulinum  covering  a 
large  portion  of  the  growth  temperature  range  for 
type  E  (7).  Both  electrolytes  and  nonclectrolytes  were 
used  in  this  study  and  the  aw  of  a  trypticasc-peptone- 
sucrosc-ycast  extract  medium  was  adjusted  to  different 
aw  levels  by  the  addition  of  NaCl,  KC1,  NaCOOH, 
glucose  or  sucrose.  The  graphical  interpolation 
method  of  Landrock  and  Proctor  (15)  was  used  to 
measure  aw  The  aw  variables  ranged  from  0.988  to 
0.969  aw  and  incubation  temperatures  included  7.2°, 
10°,  15.6°,  21.1°,  and  30°  C.  The  incubation  period 
was  for  180  days  at  each  temperature.  The  results 
for  four  type  E  strains  are  presented  in  table  9. 

The  inhibitory  levels  of  aw  at  30°  C.  were  obtained 
at  the  following  concentrations  (w/w)  of  solutes  in 


Table  7.— Growth  of  four  strains  of  type  E  Clostridium  botulinum  at  low  aw  levels  in  a  laboratory  medium 


Temperature                    1 5°  C. 

20' 

C. 

25° 

C. 

30° 

C. 

aw                 0.975  0.970 

0.970 

0.965 

0.970 

0.965 

0.970 

0.965 

Solutes  added...  NaCl  S.M.1  NaCl  S.M. 

NaCl  S.M. 

NaCl  S.M. 

NaCl  S.M. 

NaCl  S.M. 

NaCl  S.M. 

NaCl  S.M. 

Strain: 

102                 +>  + 

103                 +       +  - 

+ 

+  + 

+ 

+  + 

+ 

+  + 
+  + 

~  + 

160                +       +       -  ____________ 

>S«lta  mixture  of  NaCl.  KC1,  and  N..SO*. 
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Table  8.— Minimum  water  activity  permitting  growth  of 
Clostridium  botulinum  types  A,  B,  and  E  from 
vegetative  cell  inocula  at  pH  6.0  and  pH  7.0 


Minimum  aw  permitting  growth  in  media  at  — 


pH  7.0  containing         pH  6.0  containing 


C.  botulinum   Glycerol     NaCl  at—     Glycerol    NaCl  at— 
type        at  30°  C.  20"  C.  30°  C.  at  30"  C.  20*  C.  30*  C. 


A    0.93       0.97    0.96       U.94      0.98  0.97 

B  93        .97      .96        .94        .97  .96 

E  95         .98      .9B        .95        .98  .98 


Table  9.-Water  activity  limits  for  outgrowth  of 
spore  inocula  of  4  type  E  Clostridium  botulinum  strains 
in  laboratory  medium  containing  various  solutes 


Incubation  temperature 

Solute  added   

to  medium      30°  C.   21.1°  C.  15.6°  C.    10°  C.    7.2°  C. 


NaCl                0.975  (')  0.975  0.975  0.975 

KC1                    .974  0.976  .974  .980  .980 

NaCOOH  971  .971  .971  .979  .976 

Glucose               .970  .970  .970  .972  .970 

Sucrose                .977  .976  .977  .977  .977 


'Not  tested. 

the  medium:  5.0%  NaCl  (aw  0.975),  6.0%  KC1 
(aw  0.974),  5.5%  NaCOOH  (aw  0.971),  22.5%  glucose 
(aw  0.970),  and  35.0%  sucrose  (aw  0.977). 

The  ability  of  the  different  strains  to  germinate 
and  produce  outgrowth  in  the  different  solute-con- 
taining media  was  quite  constant  at  30°  C,  but  varied 
widely  (from  2  to  86  days)  at  15.6°  C.  and  below. 
The  ability  of  the  strains  to  produce  outgrowth  at 
almost  identical  aw  levels  was  only  slightly  different. 
The  Vancouver  Herring  strain  required  somewhat 
more  time  to  produce  outgrowth  at  the  three  lower 
temperatures,  but  it  and  the  Scatdc  Forks  strain 
possessed  somewhat  greater  tolerance  to  increased 
solute  concentration. 

The  morphology  of  the  cultures  producing  out- 
growth at  the  lowest  aw  levels  was  examined.  The 
cells  appeared  normal  and  sporulation  was  detected 
in  the  media  containg  glucose  and  sucrose.  The  salt- 
controlled  media  produced  long  filamentous  vegeta- 
tive cells,  long  chains  of  cells,  some  curved  rods,  and 
a  few  normal  cells.  Sporulation  was  not  observed  in 
the  media  containing  salt.  Thus,  normal  growth  of  C. 
botulinum  is  affected  by  electrolytes  even  though  the 
water  activity  limits  are  the  same  as  those  produced 
by  the  sugars  that  arc  not  electrolytes. 

The  finding  that  glycerol  appears  to  act  upon  C. 
botulinum  cells  in  a  different  fashion  thus  producing 
an  increased  tolerance  to  aw  was  confirmed  in  our 


laboratory'.  Outgrowth  took  place  when  the  aw  of  the 
medium  containing  glycerol  was  less  than  0.95.  Thus, 
another  factor  besides  aw  may  be  affecting  the  out- 
growth of  C,  botulinum  in  the  presence  of  high  concen- 
trations of  polyhydric  alcohols. 

In  conclusion,  the  botulism  hazard  of  foods  appears 
to  be  considerably  reduced  when  several  inhibitory 
conditions  are  simultaneously  imposed  upon  a  food 
product  The  interrelationships  of  reduced  tempera- 
ture, pH,  presence  of  antibiotics,  presence  of  inhibitors, 
or  reduced  aw  remain  subjects  for  additional  study. 
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CLOSING  REMARKS 

by  Dr.  Chester  R.  Benjamin 
Panel  Cfiairman 


There  is  an  old  saying  in  the  United  States  that  all 
good  things  must  come  to  an  end.  This  is  the  case  for 
the  present  conference.  Although  my  knowledge  of 
what  transpired  in  the  botulism  sessions  is  limited,  I 
understand  that  these  sessions  were  generally  thought 
quite  good,  with  active  and  valuable  discussion.  1 
know  firsthand  diat  the  mycotoxin  sessions  were  uni- 
formly excellent. 

You  may  be  interested  in  the  joint  communique 
that  we  have  prepared  to  be  released  by  the  press 
tomorrow.  It  is  as  follows:  (read  joint  communique, 
see  page  482). 

This,  then,  reflects  some  of  the  results  of  the  Con- 
ference. In  terms  of  the  five  objectives  that  I  identified 
in  the  opening  plenary  session,  I  feel  that  most,  or 
perhaps  all,  of  them  may  have  been  attained  or  will 
be  effected  by  publication  of  our  proceedings  volume. 

Before  closing,  let  me  make  the  observation  that  I 
have  been  tremendously  impressed  with  the  high 
spirit  of  cooperation  that  has  been  obvious  throughout 


our  deliberations  and  with  the  quality  of  scientific 
input  by  the  participants  from  both  Japan  and  the 
United  States.  Also,  the  organized  effort  of  those  of 
you  from  Japan  to  maximize  your  participation  in 
both  the  formal  presentations  and  the  discussions  has 
contributed  greatly  to  the  worth  of  the  programs  and 
is  much  appreciated. 

I  should  like  again  to  thank  you  all — participants, 
committees,  session  chairmen,  interpreters,  and 
others— for  your  united  efforts  to  make  the  Conference 
so  fruitful. 

Special  mention  should  be  made  of  the  efforts  of 
Drs.  Amano,  Aibara,  and  Sakaguchi,  who  made  ex- 
ceptional contributions  to  our  conference,  and  to  Dr. 
Slater,  our  chairman,  who  has  assisted  us  immeasura- 
bly all  along  the  way.  To  all  of  you  thank  you.  I 
trust  that  you  all  have  safe  and  pleasant  return  trips 
home  and  I  look  forward  to  renewing  our  new  and 
old  friendships  at  another  place  and  time  in  the  not- 
so-distant  future. 
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CLOSING  REMARKS 


by  Dr.  Kageaki  Amano 
Acting  Panel  Chairman 


I  am  extremely  happy  to  have  this  opportunity  to 
thank  you  all,  on  behalf  of  Dr.  Miyaki  and  the  Ja- 
panese panel  members  and  participants. 

During  the  past  4  days  of  the  sessions,  we  have 
read  and  discussed  a  number  of  papers  presented  by 
very  enthusiastic  scientists  from  the  two  countries. 
These  papers  all  contain  most  valuable  information 
on  the  important  subjects  of  our  common  interest. 

And  participants,  particularly  from  my  country, 
will  no  doubt  say  that  they  have  gained  much  more 
than  they  had  expected. 

I  would  like  to  extend  sincerest  thanks  to  Dr. 
Slater,  Dr.  Benjamin,  and  his  associate  panel  mem- 


bers, and  Dr.  Bell,  for  their  assistance  during  the 
Conference. 

I  also  wish  to  extend  my  hearty  thanks  to  Dr. 
Herzbcrg,  who  has  helped  a  majority  of  our  partici- 
pants in  reviewing  our  papers  for  the  Proceedings. 

Mrs.  Lejins  and  her  translator  colleagues  have 
contributed  a  great  deal  in  this  Conference  by  help- 
ing us  to  understand  the  presentations  spoken  in 
English. 

I  believe,  that  our  people  will  make  wonderful 
advances  in  their  future  work  by  absorbing  the  many 
suggestions  given  by  the  Conference. 

Again,  I  do  thank  you  all  for  your  hospitality. 
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CLOSING  REMARKS 

by  Dr.  James  A.  Slater,  Conference  Chairman 


Dr.  Amano,  Dr.  Benjamin,  and  Distinguished  Delegates: 

Again,  I  am  privileged  to  serve  as  your  chairman,— 
this  time  to  close  officially  the  United  States-Japan 
Conference  on  Toxic  Micro-Organisms.  We  can  close 
the  door  on  this  historic  Conference,  but  we  shall 
never  close  it  on  the  accomplishments  of  the  past  4 
days. 

There  is  no  question  that  we  fulfilled  our  minimum 
objectives:  To  compare,  gather,  and  exchange  infor- 
mation. This  was  done  through  the  presentation  of 
the  68  detailed  scientific  papers  that  you  so 
thoroughly  prepared  and  ably  presented.  Just  as  fruit- 
ful were  the  quesdon-and-answer  sessions  which  were 
an  integral  part  of  our  Conference.  Even  as  a  com- 
plete layman,  I  was  overwhelmed  with  the  depth  and 
comprehensiveness  of  your  discussions.  You  have  in- 
deed set  an  impressive  precedent  for  the  other  UJNR 
panels  to  follow. 

Another  important  objective  that  we  attained  was 
the  establishment  of  close  personal  and  professional 
relationships  with  our  Japanese  and  United  States 
colleagues.  Much  of  this  was  accomplished  through 
informal,  "side-hall"  discussions.  As  a  result,  wc  arc 
much  better  acquainted  with  the  scientists  and  with 
their  important  areas  of  research.  These  contacts  will 
prove  invaluable  for  future  followup  on  this  Confer- 
ence. 

In  our  opening  plenary  session,  I  indicated  that 
the  maximum  outcome  of  the  conference  would  result 
in  identifying  and  solving  serious  problems  of  mutual 
concern.  Again,  I  feel  that  we  have  succeeded,  at 
least  in  identifying  many  of  the  problems.  As  a  matter 
of  fact,  our  discussions  pinpointed  a  staggering  num- 
ber of  problems— ranging  from  research  methodology, 
to  effects  on  health,  to  establishment  of  standards,  to 
techniques  of  control,  and  to  many  other  areas.  As 
someone  once  said,  "half  the  problem  is  identifying 
the  problem."  It  will  be  some  time  yet  before  we 
fully  comprehend  everything  we  covered  during  the 
last  4  days. 

All  this  work  has  advanced  scientific  knowledge 
toward  our  ultimate  objective  of  solving  serious  prob- 


lems. How  rapidly  they  are  solved  depends  on  our 
application  of  the  knowledge  gained  here  to  the  bene- 
fit of  our  domestic  activities  and  programs.  I  encour- 
age each  of  you  to  maximize  this  application  as  we 
now  return  to  our  respective  laboratories  and  admin- 
istrative positions. 

Before  formally  closing  this  final  plenary  session,  I 
would  like  to  express  again  my  deep  and  sincere 
appreciation  to  each  of  you  who  has  contributed  so 
significantly  to  the  success  of  this  Conference.  In  par- 
ticular, I  would  like  to  single  out  our  Japanese  col- 
leagues whose  extensive  preparations  and  willingness 
to  travel  such  a  long  distance  to  this  meeting  are 
symbols  of  our  joint  conviction  that  mutual  coopera- 
tion in  science  not  only  greatly  advances  our  technical 
knowledge  but  also  creates  conditions  so  vital  to  world 
peace.  Indeed,  President  Johnson  has  termed  the 
search  for  world  peace  "the  assignment  of  the  cen- 
tury." 

On  behalf  of  all  Conference  pardcipants,  I  want  to 
express  our  deep  appreciation  to  the  Japanese  and 
United  States  members  of  the  UJNR  Joint  Panel  on 
Toxic  Micro-Organisms  for  their  superb  planning  and 
organization  of  the  Conference.  With  no  discrimina- 
ting intent,  I  would  like  to  extend  special  thanks  to 
Drs.  Keith  Lewis  and  Chet  Benjamin.  I  am  sure  that 
none  of  us  fully  realizes  the  detailed  preparations 
these  two  men,  over  the  last  3tf  years,  have  put  into 
the  staging  of  this  meeting. 

Finally,  I  want  to  thank  Mrs.  Lejins  and  her  very 
competent  (and  I  might  add,  padent),  staff  of  inter- 
preters and  Dr.  Bell,  Dr.  Herzberg,  Mr.  Barber,  and 
the  University  staff  for  their  very  willing  and  able 
assistance  before  and  during  the  Conference.  Their 
outstanding  efforts  have  made  Honolulu  and  the  East- 
West  Center  just  like  home  to  us.  To  show  our  grati- 
tude  for  all  these  efforts,  may  I  suggest  we  give  a 
rising  vote  of  thanks. 

And  now,  before  we  adjourn,  docs  anyone  wish  to 
comment  further?  If  not,  the  first  UJNR  Conference 
on  Toxic  Micro-Organisms  is  hereby  closed.  Again, 
many  thanks,  and  Aloha. 
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JOINT  COMMUNIQUE 

UJNR  CONFERENCE  ON  TOXIC  MICRO-ORGANISMS 

October  10,  1968* 


United  States  and  Japanese  scientists  met  at  the 
East-West  Center,  University  of  Hawaii,  during 
October  7-10  in  a  joint  study  of  mycotoxins  and 
botulism.  This  was  the  first  major  conference  bringing 
together  Japanese  and  United  States  governmental 
scientists  working  in  these  vital  areas  of  research 
dealing  with  food  poisons  and  harmful  organisms.  It 
was  also  the  first  large-scale  conference  held  under 
auspices  of  the  United  States-Japan  Cooperative 
Program  in  Natural  Resources  (UJNR),  which  was 
established  in  1964  by  the  Cabinet-level  joint  United 
States-Japan  Committee  on  Trade  and  Economic 
Affairs.  The  current  cooperative  program  consists  of 
1 1  panels  of  experts;  the  panel  on  toxic  micro-orga- 
nisms planned  and  organized  the  Hawaiian  Confer- 
ence. 

The  4-day  meeting  was  called  to  order  by  its 
Chairman,  Dr.  James  A.  Slater,  U.S.  coordinator  for 
the  UJNR.  Remarks  and  welcoming  addresses  were 
given  by  Lt.  Gov.  Thomas  Gill,  State  of  Hawaii; 
Japanese  Consul-General  to  Hawaii  Akira  Yoshioka; 
Vice  President  Richard  S.  Takasaki,  University  of 
Hawaii;  Dr.  Keishi  Amano,  acting  Japanese  panel 
chairman;  and  Dr.  Chester  R.  Benjamin,  U.S.  panel 
chairman.  Telegrams  of  greetings  and  best  wishes  for 
a  successful  conference  were  received  from  Dr.  Donald 
Hornig  on  behalf  of  President  Lyndon  Johnson,  from 
Secretary  of  the  Interior  Stewart  Udall  (cabinet  co- 
ordinator for  the  UJNR),  and  from  the  Secretary  of 
Agriculture  Orville  Freeman. 

After  the  opening  plenary  meeting,  the  75  scientists 
were  organized  into  two  concurrent  sessions— one  on 
mycotoxins  and  the  other  on  botulism.  A  few  of  the 
salient  findings  and  conclusions  were: 

Mycotoxins: 

(1)  Important  research  results  were  reported  for 
23  different  mycotoxins  produced  by  21  fungal 
species. 

(2)  The  toxic  compounds  produced  by  the  fungal 
genus  Fusarium  are  of  serious  concern  in  the 
production  of  rice.  Japanese  scientists  reported 
a  broad  series  of  studies  on  the  chemistry  and 
pathology  of  these  toxins. 


*lMued  by  Joint  PanrJ  on  Toxic  Micrn-Orgnni«m»,  UJNR,  at  the 
final  iu««lin«  of  the  Conference. 
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(3)  Some  success  was  shown  in  the  U.S.  attempts 
to  minimize  anatoxin  formation  under  field 
conditions  for  the  important  crops  of  peanuts, 
cotton,  and  soybeans. 

(4)  Advances  were  reported  in  the  isolation,  identi- 
fication, chemistry,  biosynthesis,  destruction, 
pharmacology,  pathology,  and  other  aspects  of 
toxins  and  on  our  understanding  of  the  fungi 
that  produce  them. 

(5)  Mycotoxins  represent  serious  potential  hazards 
in  certain  crops  and  commercial  foods,  but  so 
far  have  not  been  demonstrated  in  commer- 
cially fermented  foods. 

Botulism: 

(1)  Production  of  antitoxin  in  humans  was  sug- 
gested to  replace  equine  antiserum  for 
treatment  of  botulism  in  order  to  avoid  serum 
sickness. 

(2)  Basic  scientific  information  which  makes  prac- 
tical the  development  of  a  hexavalcnt  toxoid 
was  an  important  accomplishment. 

(3)  Outbreaks  of  type  E  intoxication,  including 
those  caused  by  ingestion  of  fish,  were  reviewed 
for  both  countries. 

(4)  Future  cooperation  on  common  problems  was 
recognized  to  be  important. 

In  summary,  many  fruitful  exchanges  of  informa- 
tion, data,  and  research  findings  were  made  at  the 
United  States-Japan  Conference  on  Toxic  Micro- 
organisms. The  sessions  were  of  great  value  in  facili- 
tating the  meeting  of  many  scientists  from  both 
countries  for  direct  exchange  of  ideas  and  discussion 
of  research  in  progress.  Basic  and  practical  research 
were  intermcshed  with  an  outstanding  degree  of  suc- 
cess. Japanese  scientists  were  particularly  pleased,  for 
example,  to  learn  how  such  practical  work  as  assay 
methods  and  large-scale  feeding  tests  on  large  animals 
are  important  to  protect  man  from  the  hazards  of 
mycotoxins. 

The  results  of  the  Conference  will  benefit  domestic 
programs  and  research  work  throughout  the  world. 
It  is  through  such  efforts  that  man  might  someday 
control  many  of  the  harmful  organisms  that  have 
plagued  him  through  the  ages. 
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